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UNTIL recently the study of the various 
forms of mellituria has been neglected, de- 
spite the active interest that has been shown 
in other fields of metabolic research. Gen- 
eral surveys of the subject are scanty,’-? and 
certain inborn errors of sugar metabolism, 
such as idiopathic galactosemia, pentosuria, 
and fructose intolerance, have attracted gen- 
eral interest only in the last few years. Yet 
as far back as 1911 Hoeniger* and Noth- 
mann® observed mellituria in newborn and 
premature infants, and at about the same 
time v. Reuss,*® Rietschel,** and Mayer- 
hofen*® drew attention to the excretion of 
lactose and sucrose in the urine of infants 
with diarrhea. 

The slow progress in this field is largely 
due to the fact that sufficiently sensitive and 
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specific methods were not available to the 
clinician for testing the urine of his patients 
for various sugars on a broad scale. The 
usual reducing agents, such as the Benedict 
test, give conclusive results only at sugar 
concentrations above 150 mg. per 100 ml. 
and react with various other oxidizing agents 
such as ascorbic acid, uric acid, creatinine, 
homogentisic acid, glucuronides, salicylates, 
and hydrazine derivatives. Sucrose, on the 
other hand, has no reducing power. More 
specific methods for sugar identification, 
such as optical rotation, formation of osazon 
crystals, yeast fermentation, and the Seli- 
wanoff, mucic acid, Bial, diphenylhydrazine, 
and naphthoresorcinol tests are laborious 
and unreliable, if the sugar is present in 
small quantities or combined with other 
sugars. As late as 1950 Lasker’® recom- 


. mended a schema for the diagnosis of un- 


identified sugars in the urine which is so in- 
volved as to be beyond the scope of most 
clinical laboratories. 
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Fig. 1. One-dimensional sugar chromatogram with 
normal urine (col. 2), urine of a patient with 
glucosuria (col. 3), and urine of a patient with 
galactosuria (col. 4). In columns 1 and 5 test 
runs were carried out with pure lactose, galactose, 
glucose, fructose, and xylose. 


A new method which greatly facilitates 
sugar identification is paper chromatog- 
raphy, first introduced by Partridge and 
Westall* as a method of identifying sugars 
in various solutions and later applied by 
Horrocks and Manning" to the diagnosis of 
mellituria. The one-dimensional technique 
suffices for the limited number of sugars gen- 
erally found in the urine. It is quicker and 
cheaper than two-dimensional methods and 
separates the various sugars satisfactorily. 
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The loss of substances during the run is 
slight, and a dozen specimens and 3 test 
sugar mixtures can be run at the same time 
on one sheet of filter paper. After the de- 
velopment of the paper the sugar concentra- 
tion can be assessed with an average range 
of about 15 per cent error, and though this 
range is too large for exact quantitative 
work, the results are sufficiently accurate for 
most clinical purposes. Moreover, the spec- 
ificity of the method compares favorably 
with that of other so-called quantitative 
methods; it is also highly sensitive, as most 
sugars can be identified in concentrations 
of less than 10 mg. per 100 ml. urine. 

During the last 8 years we have applied 
sugar chromatography in the research lab- 
oratories of the University Children’s Hos- 
pitals in Birmingham, England, and in Mar- 
burg, Germany, to a variety of clinical prob- 
lems. * **-*° The present communication gives 
a short description of the method and sum- 
marizes the chromatographic results of a 
study of the following 3 aspects of mellituria. 

1. The sugar excretion of healthy infants, 
premature infants, healthy toddlers, and 
school children. 

2. The sugar excretion of 1,000 patients 
suffering from various disorders possibly 
connected with disturbances of sugar and/or 
amino acid metabolism. 

3. In a limited group of healthy children 
and healthy adults and of patients suffering 
from diseases of the liver, kidney, and the 
intestinal tract the sugar excretion was 
measured in the fasting state and at regu- 
lar intervals after a sugar loading test. 

A comparison of the results of the chro- 
matographic investigations with those of a 
reduction test (Benedict’s test) reveals the 
severe limitations of this traditional reduc- 
tion method in the recognition and identi- 
fication of the various melliturias. 


METHOD 


The urine specimens were collected under 
chloroform and toluol and were stored in 
a refrigerator at +4° C. for short intervals, 
or at -—20° C. if in exceptional cases the 
chromatographic run could not be started 
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within the next day or two. From the 
healthy infants and premature ones 24-hour 
collections were available, while the urine 
specimens of most of the other patients and 
of the healthy controls were early morning 
fasting samples. During the sugar loading 
tests a fasting specimen was taken imme- 
diately before the loading and further 
samples at 1, 2, and 3 hours after the inges- 
tion of sugar. 

Each urine was subjected to the Benedict 
reduction test by boiling 5 ml. of the re- 
agent with 8 drops of urine for 5 minutes 
in a water bath, shaking the test tube and 
describing the final color reaction. The urine 
volume used for each chromatogram was 
chosen according to the color reaction of 
the Benedict test, 100 ul being taken on a 
blue reaction, 50 ul on a green reaction, 20 
pl on a yellow reaction, and 10 pl on a red 
reaction. 

The urines were then desalted by the resin 
method described by Partridge and Westall"* 
and modified by Woolf,?* with the use of 
the anion and cation exchanger “Bio-Demin- 
rolit."* This desalting procedure is quick 
and simple and leads to no perceptible loss 
of sugar in the urine. 

For the sugar partition we use Whatman 
filter paper No. 4 or Paper No. 2040 from 
Schleicher and Schiill, which has similar 
qualities. The 57 by 46 cm. sheets of the 
latter make are divided by pencil marks into 
15 columns.** For test purposes 3 mixtures 
of pure sugars of different strengths are 
pipetted onto columns 1, 8, and 15, mixture 
I contained in 20 yl distilled water. 10 
gamma each of galactose, glucose and xylose 
and 30 gamma each of lactose and fructose; 
mixture II in 20 wl 20 gamma galactose, 
glucose, and xylose, and 60 gamma each of 
lactose and fructose; mixture III in 20 ul 
30 gamma each of galactose, glucose, and 
xylose, and 90 gamma each of lactose and 
fructose. The remaining 12 columns are used 
for urine samples. To ensure that the speed 
of the chromatographic run is identical with 
that of the test sugar solutions, a fast travel- 


*Permutit Company Ltd. 
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ing test sugar, ribose, is added in a quantity 
of 20 gamma in 20 ul distilled water to each 
run and its final position on the paper is 
compared in the different columns. 

The actual run is done by the descending 
technique in a wooden box placed in a 
thermostatically controlled room at a tem- 
perature of 20 to 25° C. with a range of 
temperature not exceeding +1° C. The solvent 
is made up of 60 vol. n-butanol, 16.5 vol. 
ethanol, 40 vol. distilled water, and 1 vol. of 
a mixture of 3.2 ml. concentrated ammonium 
hydroxyde and 96.8 ml. distilled water. After 
the run the paper is dried and sprayed with 
aniline phthalate which develops all sugars in 
quantities from 5 to 10 gamma upward with 
the exception of fructose, other ketoses, and 
lactose, which show up only from quantities 
of 20 to 40 gamma upward; sucrose gives a 
weak color reaction from 50 gamma on. For 
the detection of lower concentrations of 
ketoses, a duplicate paper chromatogram 
should be sprayed with the naphthoresorcinol 
reagent. In the present study this spray was 
used as a routine in the sugar loading ex- 
periment but only occasionally in the other 
investigations, so that small amounts of 
ketoses, especially of sucrose, may have been 
overlooked. 

A chromatogram with urines of a healthy 
control, a patient with glucosuria and a 
patient with galactosuria, respectively, is re- 
produced in Fig. 1. The unknown sugars are 
identified by comparing their location with 
the test sugars on the same paper or by 
measuring their rate of flow (Rf) values. 
Where the solvent front is allowed to over- 
flow, these values cannot be related to the 
solvent front but only to the front of the test 
sugar ribose according to the formula: 


distance of the unknown sugar from 


origin 
oe distance of ribose from origin 


Table I gives such Rf values for some of the 
more common sugars. A semiquantitative 
evaluation of the sugar concentration in the 
urine was carried out by comparing size and 
color intensity of the sugar spots of unknown 
quantity with the test sugar spots in column 


} 
ba 
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Tabie I. Rf values of various sugars related 
to ribose (Rf = 1.0) (solvent as described 
in the text) 


Color 
Average in 
in 20 aniline | Color in 
chromat- phtha- | naphtho- 
ograms Range late |resorcinol 
Rhamnose_ 1.24 = 1.20 to 1.28 Brown 
Xylose 0.89 0.87 to 0.92 Pink 


Mannose 0.81 0.77 to 0.83 Brown 
Arabinose 0.77 0.75 to 0.81 Pink 
Fructose 0.75 0.72to0.80 Brown Red- 


yellow 
Glucose 0.64 0.60 to 0.67 Brown 
Galactose 0.59 0.56 to 0.64 Brown 
Sucrose 0.42 0.38 to 0.50 Pale Red- 


brown yellow 

Maltose 0.32 0.27 to 0.43 Brown 
Lactose 0.29 0.25 to 0.41 Brown 
Fructu- 

ronic 

acid 0.25 0.19 to 0.36 Pink 
Galactu- 

ronic 

acid 0.22 0.17 to 0.33 Pink 


1, 9, or 15 of known quantity. If the urine 
sugar concentration was higher than that 
of the test sugars, smaller volumes and, if 
necessary, various dilutions of the urine were 
rechromatographed until the urine sugar 
concentration fitted into the range of the 
test sugars. The error of this method lies 
at about 15 per cent, which is admissible for 
the scope of our investigation. 

Sugar excretion in the urine of healthy in- 
fants and children. The sugar excretion was 
examined in 155 twenty-four-hour urine col- 
lections from 88 mature infants and in 55 
collections from 16 premature ones. The 
average sugar excretion during the first 6 
weeks is shown in Table II; after this age 
the sugar excretion in the urine is negligible 
and does not differ significantly from that of 
older children. The values are expressed as 
milligrams per 100 ml. urine, though the 
24-hour urine volumes are also recorded. 
The urine volume varied considerably from 
day to day, from case to case, and between 
full-term and premature infants; if related 
to the sugar concentration of the urine, it 
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introduces a new and very variable factor 
in the assessment of the mellituria of this 


age group. 

Infants born at term exhibit a physiologic 
mellituria which lasts for the first 10 days 
and reaches its maximum on the third, 
fourth, or fifth day. The concentration of 
fructose and glucose is relatively high from 
the beginning, while the concentrations of 
lactose and galactose increase when milk 
feeding starts. The highest values recorded 
are for lactose 150 mg., for fructose 70 mg., 
for galactose 25 mg., and for glucose 25 mg. 
per 100 ml. After the second week of life 
occasional traces of lactose, galactose, and 
glucose are found in the urine, but they do 
not exceed 10 mg. per 100 ml. 

Premature infants have an even greater 
mellituria, mainly on account of a higher 
fructose and lactose concentration in the 
urine (Table II). While most premature 
infants normalize the sugar excretion in the 
second week of life, exceptions to this rule 
are more frequent than in full-term infants. 

The sugar excretion after infancy was 
tested in early morning specimens from 10 
healthy toddlers, 100 school children, and 
15 healthy adults. Only 8 of the 125 urines 
showed traces of sugars, in which 7 cases con- 
sisted of 10 mg. per 100 ml. or less of glucose 
and, in one case, of 10 mg. per 100 ml. each 
of glucose and galactose. 

Comment. Only few chromatographic 
studies have been published where the 
method and conditions permit a critical 
comparison with our own results. In 24 of 
50 full-term infants and 20 of 26 premature 
ones Haworth*®? found increased amounts of 
galactose, lactose, glucose, and occasionally 
xylose in the urine; fructose was not men- 
tioned. Similar data were recorded by 
Woolf?* and by Apthorp,** who stresses the 
influence of milk feeding on the galactose 
and lactose excretion in the urine. Our ear- 
lier investigations of single urine specimens 
from 68 newborn infants during the first 9 
days of life’’ gave the results listed in Table 
III. 

The figures represent average sugar con- 
centrations in milligrams per 100 ml.; the 
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figures in parentheses are the maximal con- 
centrations observed for each sugar. The 
values agree reasonably well with those in 
Table II, though less fructose was found in 
this earlier study. 

It is possible that different feeding sched- 
ules may affect the mellituria in young in- 
fants and may render a comparison between 
the results of individual workers difficult. In 
our recent group of infants (Table II) it was 
not possible to apply an uniform feeding 
schedule to all infants tested, though all pre- 
mature infants received human milk for the 
first 3 weeks of life. Some of them were then 
gradually weaned to a two-thirds acidified 
cow’s milk formula with addition of 5 per 
cent sucrose or dextromaltose and 2 per cent 
flour. Full-term infants were sometimes 
weaned to a similar formula during the sec- 
ond week. Our data do not enable us to 
state whether infants fed on cow’s milk vary 
in the urinary sugar pattern from those who 
are breast fed. 
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The sugar excretion of healthy individuals 
beyond infancy has been studied by enzymatic 
methods' and by chromatography.** **-*¢ 
Traces of up to 15 mg. glucose per 100 ml. 
urine have been observed repeatedly, while 
still smaller traces of galactose have been de- 
tected only very occasionally. On a diet rich 
in milk, lactose was frequently observed in 
concentrations up to 35 mg. per 100 ml. 
Other sugars such as sucrose, fructose, xylose, 
and arabinose were likewise found to be af- 
fected by the dietary intake and may appear 
in concentrations up to 10 and occasionally 
up to 30 mg. per 100 ml. if the diet is rich 
in fruit and vegetables. This observation 
agrees well with the results of our loading 
tests, while the scanty sugar yield in the 
urine investigations mentioned earlier may 
be due to the fact that early morning fasting 
specimens were used. 

It is intriguing to speculate about the 
mechanism of the mellituria of the newborn. 
It can be assumed, in view of the rather low 


Table II. Sugar excretion in the urine during the first 6 weeks of life (expressed 
in mg./100 ml. as mean value (M) and standard deviation (+ « M)* 


No. of 


Age urines Fructose 


Galactose 


Average of 
24-hour 
Sum of |urine volume 


Glucose 4 sugars (ml.) 


Mature infants 
1 day 
3 days 
5 days 
7 days 
10 days 
14 days 
21 days 
28 days 
6 weeks 


D 
I+ © It I+ I+ I+ 1+ I+ © 


I+ I+ I+ I+ 


Premature infants 


4.5 18 
26.6 ; 52 

8.9 

7.9 

5.0 


wowwonw 

a 

SOS I+ I+ I+ I+ I+ 


i+ © I+ I+ I+ I+ I+ 


nm 


1 day Insufficient specimens available 
3 days 48.14 17.9 8.0 2.0 
5 days 202 35 202 20 
7 days 18.3 + 12.1 a 
10 days 
14 days 
21 days 
28 days 
6 weeks 


66.0 
56.0 
25.0 
4.3 
7.7 
7.5 
8.5 
1.3 


133.1 32 
104.0 40 
55.1 74 
10.0 98 
11.7 120 
16.0 155 
18.5 187 
8.2 225 


Onuonouuw 
It i+ I+ I+ I+ I+ I+ 
I+ i+ I+ I+ 1+ I+ I+ I+ 


I+ 1+ 1+ © I+ I+ 1 


*The results in this table and in Tables IX to XI are not strictly quantitative but include errors up to 15 per cent. After 
the first week of life several mean values in the lower sugar concentrations are not representative; this is probably due to 
the small number of cases and the large individual variation. The trend of the mean values nevertheless justifies the con- 
clusions given in the text. 


16 23.1 8.0 10.9 + 
15 13.3 3.8 16 10.0 + 
11 16.2 3.8 1.6 8.6 
10 3.0 3.0 3.4 6.3 
8 1.9 1.3 
10 1.5 1.0 4.0 210 
6 0.5 3.0 4.4 285 
3 0 310 
5 0.7 4.0 5.0 270 
50.0 
11.7 
9.4 
4.3 
8.0 
4.1 
3.9 
1.3 
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Table III 


Fructose 


3.2 (30) 


Glucose 


5.5 (30) 
3.7 (20) 


Galactose 


6.7 (30) 
4.7 (20) 


| Lactose | 


19 (100) 
42 (90) 


Full-term newborn infants 
Premature infants 


blood sugar levels of this age period, that 
the glucosuria is probably and the lactosuria 
is certainly of prerenal origin. It is most likely 
that the lactosuria is due to a lactase de- 
ficiency and to an increased permeability of 
the newborn infant’s intestinal wall. Fructo- 
suria and galactosuria are often found in 
liver disease and point to functional imma- 
turity of this organ in the newborn. There 
are thus probably at least 3 organs involved 
in this mellituria. Finally, it is of interest to 
note that the physiologic mellituria disap- 
pears within the first fortnight, long before 
the aminoaciduria, which decreases to a nor- 
mal amino acid output only after the sixth 
month of life (Table ITV). The tubular re- 
absorption system for glucose seems to ma- 
ture more quickly than that for the amino 
acids, and there seems to be no close corre- 
lation between these 2 systems. 

Sugar excretion in 1,000 patients. Our 
aim was to obtain a general idea of- the 
sugar pattern in the urine of patients suf- 
fering from various disorders. Most urines 
were submitted for examination because of 


a positive Benedict test or because amino- 
aciduria or mellituria was suspected on clin- 
ical grounds, so the case material was pre- 
selected. In most instances fasting urine 
specimens were used, and consequently some 
milder melliturias may have remained un- 
detected. 

Of the 1,000 patients, 130 showed an in- 
crease in sugar excretion, which in 97 cases 
amounted to more than 100 mg. per 100 
ml. (Fig. 2). In 114 instances the mellituria 
was due to the isolated increase of a single 
sugar, predominantly of glucose (77 cases), 
while isolated lactosuria, fructosuria, and 
galactosuria were encountered in 13, 12, 
and 11 cases, respectively. One apparently 
healthy Jewish girl exhibited congenital 
xyloketosuria; the urine showed a positive 
Benedict test; she had been treated repeat- 
edly for diabetes. In 16 instances the melli- 
turia was more generalized, consisting usu- 
ally of an increase of lactose, galactose, 
glucose, and fructose with a total sugar con- 
centration exceeding 100 mg. per 100 ml. 

The disorders in which these isolated or 


Table IV. Alpha amino nitrogen excretion in urine of mature and premature 


infants (gasometric ninhydrin method) 


a AN (mg./kg./24 hr.)* 


a AN (mg. %) x 100 
NPN (mg. %) 


Age | No. 


MtoM | 


Mt+toM | Cc 


Infants born at term 
3 to 7 days 
10 to 21 days 
6 to 12 weeks 
6 to 12 months 


Premature infants 


3 to 7 days 
10 to 21 days 
6 to 8 weeks 


10 
5 


2.66 + 0.19 
3.47 + 0.25 


4.96 
3.38 


3.21 
4.91 
7.38 


0.16 
0.25 
0.15 
0.08 


24.84 
26.27 
26.20 
22.27 


29.14 
20.23 
20.35 
18.88 


2.61 
2.66 
1.60 
1.01 


0.36 
0.26 


I+ 1+ I+ 1+ 


28.57 
36.17 
22.46 


0.31 
0.52 
0.43 


0.53 
0.62 
1.52 


40.31 
38.06 
29.09 


2.63 
4.28 
2.73 


*Concerning the alpha amino nitrogen excretion in milligrams per kilogram per 24 hours the differences between the M 


values are significant (p < 0.05) for h : I, k : 


regards the alpha amino nitrogen coefficients the differences between Il: : 


(p < 0.05), between I : I: insignificant (p > 0.8). 


Is, and Is : not significant (p > 0.05) for Pi: : P2 and Pe : 


Pa. As 


Is, Is : Is, Pa : Po, and P2 : Ps are significant 


| 
— 
15 
‘ 
‘ 
| 
7 
9 
; 
9 
P, | 
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generalized melliturias were observed are 
listed in Table V. Isolated glucosuria was 
found in all cases of diabetes mellitus and 
cystinosis but less regularly in the other con- 
ditions, most of which showed an involve- 
ment of tubular or hepatic function. Isolated 
lactosuria occurred predominantly in dis- 
eases of the intestinal tract and in 2 of 6 
cases of hiatus hernia, while isolated fructo- 
suria was always associated with severe liver 
damage, except in one case of congenital 
fructose intolerance.** As a rule, the melli- 
turia of liver disease (cirrhosis, hepatitis) is 
generalized with a simultaneous excretion of 
galactose, glucose, fructose, and sometimes 
lactose. The same pattern has been encoun- 
tered in septicemia, toxic gastroenteritis, and 
in 2 cases of severe rickets and may also be 
due to secondary liver involvement; its oc- 
currence in 4 cases of severe chronic vomit- 
ing is not yet explained. The isolated in- 
crease of galactose in 10 of 12 cases was due 
to congenital galactosemia and only in 2 
cases to other forms of liver disease. 

For most diseases the number of cases 
studied is still too small to permit a final 
statement as to how frequently they are asso- 
ciated with mellituria. A preliminary at- 
tempt to give some information on this point 
is shown in Table VI. About one third of 
our patients with liver disease had mellituria, 
while in renal disease mellituria was essen- 
tially a feature of the nephrotic syndrome, 
where it occurred in two fifths of the cases. 
It is noteworthy that only 6 of 26 patients 
who on the basis of positive reduction tests 
were suspected of suffering from benign re- 
nal glucosuria did in fact excrete sugar in 
the urine. In Wilson’s disease, as in some 
exogenous intoxications with heavy metals 
(e.g., lead), mellituria is a frequent but not 
obligatory sign of renal and hepatic damage. 
Nearly half the patients with inflammatory 
diseases of the gastrointestinal tract excreted 
increased amounts of sugar in the urine, 
mainly of lactose, though small increases of 


sucrose may also have been present but may . 


have escaped detection. 
Comments. A detailed discussion of the 
various forms of mellituria is not within the 
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scope of this paper but has been published 
elsewhere.*-**® Here I will only comment 
on a few points of special interest. While re- 
nal familial glucosuria is generally considered 
to be a dominantly inherited disorder affect- 
ing only the glucose reabsorption and leaving 
the reabsorption of phosphates and amino 
acids intact,** *® there is a heterogenous 
group of syndromes in which glucosuria is 
one of several manifestations of tubular dys- 
function, the others being aminoaciduria, 
phosphaturia, polyuria, loss of fixed bases, 
and other disturbances of renal acid-base 
regulation. The patterns of these tubular 
syndromes vary from case to case in the 
several diseases. Though of multiform etiol- 
ogy many such syndromes have been pub- 
lished under the names of the 3 original 
authors as de Toni-Debré-Fanconi-syndrome ; 
this has unfortunately led to undesirable gen- 
eralizations and the confusion of different 
diseases. 

The secondary and symptomatic form of 
this syndrome may be due to intoxication 
with lead,"* ** copper (Wilson’s  dis- 
ease) lysol,** uranium,** potassium ferric 
cyanide,** mercury,** sodium maleate,** * 
and other poisons. It has also been observed 
in the nephrotic syndrome, chronic nephritis, 
and acute tubular nephrosis,’* ** 
in glycogen storage disease,** and in multiple 
myeloma.*® In cystinosis the syndrome is 
usually present in a complete and fully de- 
veloped form,’’ but even here we now tend 
to regard it as a secondary manifestation of 
a primary metabolic defect which slowly 
and progressively damages the renal tubule 
and indeed the whole kidney, leading to 
death in uremia. This view is in agreement 
with the observation that glucosuria, amino- 
aciduria, and other tubular signs develop 
slowly in the second half year of life*® and 
may occasionally be absent even in fully 
developed cases. There remains a number 
of so-called idiopathic cases of the Fanconi 
syndrome in children and adults where the 
etiology is still quite obscure and where the 
presence of a congenital defect of tubular 
function and morphology*” ** has been dis- 
cussed by various authors.* *°-** 
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Table V. Disorders with isolated or gen- 


eralized mellituria* 


Glucosuria 
(77 cases) 


Diabetes mellitus, renal benign 
glucosuria, liver disease, tu- 
bular syndromes (de Toni- 
Debré-Fanconi syndrome, 
renal osteodystrophy, Lowe 
syndrome), tubular intoxica- 
tion (hemoglobin, lead, 
vitamin D), nephrosis, ne- 
phritis, cystinosis, Wilson’s 
disease, hypophyseal and 
adrenal dysfunctions 


Lactosuria 
(13 cases) 


Severe infantile gastroenteritis, 
steatorrhea, neonatal jaun- 
dice with septicemia, hiatus 
hernia 


Fructosuria 
(12 cases) 


Hepatitis and cirrhosis, Wilson’s 
disease, hemoglobin intoxica- 
tion, severe generalized infec- 
tions, fructose intolerance 


Galactosuria 
(12 cases) 


Idiopathic galactosemia, severe 
liver damage, neonatal hepa- 
titis 

Acute infectious and toxic liver 
damage, toxic gastroenteritis, 

tose, glucose, septicemia, severe rickets, py- 

and fructose loric stenosis, persistent vom- 

(16 cases) iting 


Excretion of 
lactose, galac- 


*Only the diseases encountered in our 130 cases with 
mellitura are listed. 


A variety of gastrointestinal disorders are 
associated with lactosuria and sucrosuria, 
which are probably the result of increased 
intestinal permeability and decreased activ- 
ity of alpha glucosidase and lactase in the in- 
testinal wall. Since v. Reuss’? description in 
1910 many authors have observed this di- 
sacchariduria in infantile gastroenteritis’® 
58; it has also been found in sprue,’ ** °° 
celiac disease,’® and in hiatus hernia.’® ** 
‘The combination of hiatus hernia and 
disacchariduria with mental retardation 
(Moncrieff’s syndrome) ** ** 5* has so far not 
been encountered by us; perhaps the disac- 
chariduria of this syndrome is secondary to 
the hiatus hernia, which may lead to irrita- 
tion and increased permeability of the gas- 
tric mucosa; there is no evidence of a causal 
relation between the disacchariduria and the 
brain damage. In young infants it may be 


difficult to distinguish between pathologic 
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and physiologic lactosuria due to intestinal 
immaturity. “Idiopathic” lactosuria®* and 
sucrosuria®*** have been described in very 
rare instances; in view of the negative re- 
duction test the sucrosuria can easily be 
overlooked and may not be quite harmless, 
as high sucrose concentrations in blood and 
urine have been shown to produce irrevers- 
ible renal damage of the type known as 
“osmotic nephrosis.”’®* 

While fructosuria, isolated or in combina- 
tion with other melliturias, especially with 
galactosuria and glucosuria, is most fre- 
quently a sign of liver dysfunction, it may 
in rare instances be due to an inborn error 
of fructose metabolism. Essential benign 
fructosuria®*"* has so far not been encoun- 
tered by us. It is a recessively inherited 
harmless condition, which, like pentosuria, 
is occasionally diagnosed as diabetes because 
of the positive reduction test. The fructo- 
suria of the recently described “hereditary 
fructose intolerance”?* was in Wolf's 
case*’ very mild and may often be altogether 
absent because these patients quickly learn 
to abstain from foods containing fructose. 

The diagnostic importance of detecting 
galactosuria in idiopathic galactosemia can- 
not be overrated and can only be compared 
with the demonstration of glucosuria in dia- 
betes. While pronounced galactosuria is 
easily recognized by a positive reduction test 
in combination with a negative glucosidase 
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Fig. 2. Frequency and concentration of various 
melliturias in a group of 1,000 selected cases. 
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reaction (Clinitest, Glucotest), negative 
yeast fermentation, etc., the disease may es- 
cape detection in the acute phase, when in- 
fants refuse to take their formula, vomit, 
and excrete only small amounts of galactose 
of less than 100 mg. per 100 ml., showing a 
negative reduction test in the urine. At this 
stage the chromatographic demonstration of 
isolated galactosuria*® perhaps combined 
with aminoaciduria,’* ™ ™ is of great im- 
portance in establishing the diagnosis. A 
galactose-free diet should then be started im- 
mediately, since otherwise many infants do 
not survive this stage of the disease. But 
it is also possible that in the mildest cases of 
galactosemia the galactose tolerance is only 
moderately reduced and that mere traces of 
galactose are excreted in the urine despite 
a milk intake up to 500 Gm. per day. 
A chronic intoxication by small amounts of 
galactose-1-phosphate may nevertheless pro- 
duce mental deficiency in the long run. Here 
again the diagnosis can only be established 
by a sensitive method such as paper chroma- 
tography. In young infants the differential 
diagnosis between idiopathic galactosemia 
and other liver disorders such as hepatitis, 
atresia of the bile ducts, or familial cirrhosis 
may be difficult. In our experience isolated 
galactosuria is more common in galacto- 
semia, while an absence of mellituria or a 
combined excretion of galactose, glucose, 
and fructose are the usual findings in the 
other liver diseases. 

Sugar loading tests. There is no doubt 
that the excretion of sugar in the urine is 
considerably affected by the sugar intake. 
Most melliturias described earlier show up 
only if the sugars are ingested in sufficient 
amounts, and milder melliturias may be 
missed if the urine investigation is carried 
out in the fasting state. For these reasons we 
have attempted to establish a sugar loading 
test in which the 5 most important sugars 
were offered to the test subject as a “sugar 
cocktail” in about 500 ml. of weak tea, the 
urine being collected in the morning after 
overnight fasting and just before ingestion 
of sugar and then in three 60 minutes por- 
tions at 1, 2, and 3 hours after the ingestion. 
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Table VI. Some indications of the frequency 


of mellituria in various diseases 


Mellituria 

Clinical diagnosis Present | Absent 
Liver diseases 20 35 
including: Liver cirrhosis 10 
Hepatitis 19 
Kidney diseases 1 40 
including: Nephrotic syndrome 10 
Glomerulonephritis 10 
Pyelonephritis 15 


Interstitial nephritis 
Renal benign glucosuria 


Renal acidosis Lightwood 14 
Cystinosis 1 0 
Wilson’s disease 10 
Galactosemia 0 


Gastroenteritis, enteritis 
Rickets, resistant rickets 
Scurvy 


De NK 


Table VII. Composition of the “sugar cock- 


tail.” 


Sugar quantities in Gm. 

School 

Toddlers| children 

(2 to5| (7 to 12 

Sugar years) years) Adults 

Glucose 20 30 40 
Galactose 4 6 8 
Fructose 15 22.5 30 
Lactose 4 6 8 
Sucrose 10 15 20 


At the outset it was necessary to determine 
the normal response to such sugar loads and 
to establish by trial and error the quantities 
of the various sugars which would generally 
produce a mild but still detectable mellituria 
in most healthy subjects. The sugar quanti- 
ties needed for this purpose were consider- 
ably smaller than we had anticipated from 
a study of the literature; they are shown in 
Table VII. The test was performed on 20 
healthy adults and 25 children, who re- 
ceived half or two thirds of the adult sugar 
dose in 200 to 400 ml. weak tea. The dose 
was adjusted according to the child’s age. 
The results are given in Table VIII. All 
children and adults reacted to the sugar load 
with an increased excretion of at least one, 
more frequently of 3 or 4 sugars. The total 
excretion of these sugars in the 3 hours fol- 


’ 
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Table VIII. Average sugar excretion (M + o M) in the urine before and after 


sugar load 


Glucose 
(mg./hr.) 


Galactose 
(mg./hr.) 


Lactose 
(mg./hr.) 


Sucrose 
(mg./hr.) 


Fructose 
(mg./hr.) 


20 healthy adults 


Fasting 
First hour 2.0* 
Second hour 0.4 
Third hour 0 


25 healthy children 
Fasting 
First hour 


Second hour 
Third hour 


0.3 0.2 
8.2 
3.0 


0.3 


i+ I+ I+ 
i+ I+ I+ I+ 


0.1 
1.4 
0.3 
0.3 


0.1 
0.67 
0.2 
0.1 


0.05 
2.7 
2.5 
1.6 


i+ I+ I+ I+ 
it I+ I+ I+ 


0.1 
22° 
0.9 
0.2 


0.03 
0.8* 
0.7 
0.6 


i+ I+ 1+ 
It +4140 
eos 
It 1+ 


I+ i+ I+ I+ 
It I+ © 


i+ i+ I+ I+ 


*Increase above the fasting value significant (level of significance < 2 per cent). 


tIncrease above the fasting value significant (level of significance < 5 per cent). 


lowing the ingestion averaged for glucose 
2.0 mg. in the children and 7.2 mg. in the 
adults; for galactose 6.8 and 11.5 mg., respec- 
tively, for fructose 8.4 and 17.0 mg., respec- 
tively, for lactose 4.5 and 1.9 mg., respec- 
tively, and for sucrose 18.8 and 34.5 mg., 
respectively. For glucose, galactose, fructose, 
and sucrose the increase above the fasting 
level was statistically significant; no signifi- 
cant increase was observed for lactose. 

In order to rule out the possibility of any 
competitive action between the various in- 
gested sugars at the site of intestinal absorp- 
tion or of tubular reabsorption, the sugar ex- 
cretion of one healthy adult was determined 
after ingestion of the cocktail and after in- 
gestion of the single sugars. The results of 
these 2 sets of experiments were identical 
and no competition was observed. 

The same sugar loading test was applied 
to patients suffering from disorders of the 
liver, the kidneys, and the intestinal tract. 
The results are reproduced in Tables IX to 
XI and may be summarized as follows. 

1. Compared with the response of the 
normal controls, patients, with hepatitis and 
cirrhosis of the liver showed an increase of 
the average excretion (M) of glucose, galac- 
tose, and fructose after the sugar load. 

2. There was a marked increase of the 
average excretion of glucose in glomerulo- 
nephritis and to a lesser degree in pyelone- 
phritis. Two cases of uremia and 2 cases of 


cystinosis exhibited strong glucosuria; the 
cystinoses also showed increased fructosuria. 

3. The cases of gastroenteritis showed an 
increase in the average excretion of glucose 
and fructose, whereas in typhoid fever and 
dysentery only the excretion of glucose was 
raised. No definite increase above the nor- 
mal response occurred in duodenal ulcer and 
ulcerative colitis. 

In most instances the standard deviation 
(@ M) was too large to permit conclusions 
applicable to other specific cases. The large 
o« M is due to the varying severity of the 
disease, to the rather wide range of individ- 
ual response, to the small number of cases, 
and to the technical errors involved in paper 
chromatography: 

Comments. The results of the sugar load- 
ing tests are still very tentative, as this tech- 
nique has only recently been used for the 
study of mellituria and has been applied to a 
limited case material. Perhaps the most in- 
teresting observation is the fact that melli- 
turia can be elicited in the healthy child 
and adult by sugar doses well below those 
quoted by most workers in this field such as 
v. Noorden and Isaac,”* Biirger,”® and 
Breusch.*° According to the first authors 
mild mellituria has been observed only after 
as much as 120 Gm. lactose, 150 to 200 
Gm. sucrose, 120 to 150 Gm. fructose, 
more than 150 to 180 Gm. glucose, and 
40 Gm. galactose; the other 2 authors 
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mention similar figures. Such quantities 
would make the application of a “sugar 
cocktail” impracticable. During our sugar 
loads mellituria was observed with quanti- 
ties one-fifth or less than those of v. Noor- 
den, which is probably at least partly due to 
our more sensitive technique. The lactose 
dose was too small for an optimal loading 
test and should in future be increased to 15 
Gm. Even then the total sugar dose for 
adults contained in one sugar cocktail 
amounts to only 113 Gm., which is generally 
taken without difficulty. The children’s dose 
has probably been reduced rather too much 
and might in future be increased to the 
adult dose in school children and to three- 
fourths of the adult dose in preschool chil- 
dren, though it may sometimes prove dif- 
ficult to persuade very young children to 
take this amount. 

Our results in cases of liver’® ** and 
kidney'*-?® ** diseases agree with those 
of the previous section and with those in 
the literature. In many of our patients the 
mellituria was not present in the fasting 
state and was elicited only under the stress 
of the loading test. This indicates that the 
test provides one further possibility of ap- 
praising a functional disturbance of these or- 


gans. 
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30 80 200 350 30 


Fig. 3. Relation of the color reaction of Benedict’s 
reduction test to the sugar concentration in 730 
urines. The sugar concentration was determined 
by paper chromatography and expressed uniformly 
in glucose equivalents. Glucose concentrations of 
the urine expressed in milligrams per 100 ml. 


The results in the group of patients with 
intestinal disorders were unrepresentative 
(Table XI), probably because the case ma- 
terial was unsuitable and the lactose load 
too small; this is also indicated by the low 
excretion figures and large standard devia- 
tion in the normal controls. The children 
were suffering from mild forms of gastroen- 
teritis, typhoid fever, and dysentery, while 
in the adult group the cases of duodenal 
ulcer and ulcerative colitis were also mild 
and the disease was restricted to a limited 
part of the intestinal tract. Disacchariduria 
occurred only sporadically, whereas gluco- 


Table IX. Average sugar excretion (M + o M) in liver disease before and after 


sugar load 


Glucose 


(mg./hr.) 


Galactose 


(mg./hr.) 


Sucrose 
(mg./hr.) 


Fructose Lactose 


(mg./hr.) 


12 adults with hepatitis 
Fasting 
First hour 
Second hour 
Third hour 


0.4 + 
20.0 + 
10.7 + 
635 2 


2.6 
38.5 
12.8 

1.9 


0.7 
17.3* 
0.7 


i+ I+ I+ 1+ 


6 adults with liver cirrhosis 
Fasting 
First hour 


Second hour 
Third hour 


3 children with hepatitis 
Fasting 0 
First hour 
Second hour 
Third hour 


3.8 
38.8 
33.7 

4.6 


i+ I+ 1+ I+ 
It It 14+ © 


9.6 + 
2.8 + 


0.4 


6.77 


3.0 
2.8 


45+ 


2.4 
0.7 


0.2 
25.7 
23.8 

9.4 


0.2 
7.8F 
8.9 
4.6 


7.5 
8.6 


I+ I+ I+ I+ 


0.9 
30.5 
24.2° 

3.1 


1 


I+ I+ 1+ © 


i+ I+ I+ I+ 
I+ I+ I+ I+ 


7.7 

9 


1.1 1.1 
4.2 2.1 
2.8 1.7 


It IF 14. 
It IF 14 


a 


*Increase above the fasting value significant (level of significance < 5 per cent). 
tIncrease above the fasting value significant (level of significance < 2 per cent). 
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Table X. Average sugar excretion (M + o M) in kidney disease before and after 
sugar load 


Glucose Galactose Fructose Lactose Sucrose 
(mg./hr.) (mg./hr.) (mg./hr.) (mg./hr.) 
adults and 5 children with glomerulonephritis 
Fasting 
First hour 


Second hour 
Third hour 


3.1 
15.6 
29.3 
27.3 


2.1 
11.8 
17.5 
16.5 


I+ I+ 14+ © 
I+ I+ 1+ © 


* 

I+ I+ I+ I+ 

I+ I+ I+ I+ 


adults and 4 children with pyelonephritis 
Fasting 0.9 
First hour 7.4 
Second hour 1.0 
Third hour 0.7 


i+ 


5.4 


wo 
© 


i+ I+ I+ 
i+ It I+ 1+ 
It It 14 O 
It 1+ © I+ 


adults with uremia 


Fasting 
First hour 
Second hour 
Third hour 


children with cystinosis 
Fasting 
First hour 
Second hour 


Third hour 


*Increase above the fasting value significant (level of significance < 2 per cent). 


Table XI. Average sugar excretion (M + o M) in diseases of the digestive 
before and after sugar load : 


Glucose Galactose Fructose Lactose 
(mg./hr.) (mg./hr.) (mg./hr.) (mg./hr.) 
children with gastroenteritis 

Fasting 
First hour 


Second hour 
Third hour 


0.3 
24° 
2.3 
4.5 


0.2 
0.7 
0.4 


0.8 
1.0* 
2.9 
4.3 


I+ I+ I+ I+ 


I+ I+ It 1+ 
It I+ 1+ © 
I+ I+ I+ © 


SO I+ I+ I+ 


children with typhoid fever and dysentery 
Fasting 
First hour 


Second hour 
Third hour 


I+ I+ I+ I+ 
Coit 
I+ I+ I+ i+ 
It I+ 1+ 


adults with duodenal ulcer 


Fasting 2.3 
First hour 7.1 
Second hour 4.5 
Third hour 0.9 


I+ I+ I+ I+ 
I+ I+ 1+ © 
I+ I+ 1+ © 
I+ I+ 1+ © 


adults with ulcerative colitis 
Fasting 2.9 
First hour 10.9 2.2 44 = 22 
Second hour 6.3 1.9 5.3 4.5 
Third hour 2.6 1.1 2.5 1.0 
*Increase above the fasting value significant (level of significance < 2 per cent). 
tIncrease above the fasting value significant (level of significance < 5 per cent). 
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suria and fructosuria were seen more fre- 
quently. The sugar pattern to be expected in 
severe involvement of the intestinal tract 
has been discussed in the previous section. 

Comparison of the chromatographic re- 
sults with those of Benedict’s test. 730 urines 
collected during the sugar loading tests were 
used for this comparison, Benedict’s reduc- 
tion test being carried out as described 
above. The quantity of the various sugars 
was determined chromatographically and 
their total reduction power was expressed 
uniformly according to Bertrand’s tables® 
as the glucose equivalent of the same reduc- 
tion power. The figures given for the glucose 
concentrations in the next paragraph thus 
stand for glucose equivalents, not for true 
glucose. 

Fig. 3 summarizes the results, and some 
further data may be added. Twenty-seven 
of 590 urines with blue color reactions con- 
tained more than 50 mg. glucose (up to 
104 mg.) per 100 ml.; 8 of 46 urines with 
blue-green color reactions contained more 
than 80 mg. glucose (up to 156 mg.) per 
100 ml. A green color reaction was noticed 
in 79 specimens, 22 of which showed glucose 
concentrations above 150, and up to 290 mg. 
per 100 ml. Of 15 specimens with a green- 
yellow color reaction all exhibited mellituria 
with glucose concentrations between 115 and 
550 mg. per 100 ml. On the other hand, 14 
of the 79 specimens with a green color reac- 
tion showed glucose concentrations below 
50 mg. per 100 ml. 

These results agree fairly well with earlier 
studies by Bickel’? and Apthorp,** though 
the last author evaluated the Benedict test 
somewhat differently by the color of the pre- 
cipitate in the unshaken test tube. Our find- 
ings underline the fact that the universally 
used reduction tests are not only unspecific 
but also too insensitive for careful clinical 
investigations. It has been shown that for 
most sugars concentrations above 20 to 30 
mg. per 100 ml. are pathologic, but concen- 
trations up to 150 mg. per 100 ml. may still 
be associated with a negative (blue or blue- 
green) Benedict reaction. Clinically impor- 
tant melliturias (e.g., galactosuria) can thus 
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be overlooked, while a green color reaction 
may not be due to sugar at all but to other 
reducing substances in the urine. We are 
forced to conclude that the traditional re- 
duction test, though useful for detecting se- 
vere melliturias with sugar concentrations 
above 150 mg. per 100 ml., is of little value 
in the melliturias with milder sugar excre- 
tion. 


SUMMARY 


The study of various forms of mellituria 
has been neglected by the clinician for tech- 
nical reasons. One-dimensional paper chro- 
matography is a suitable new technique for 
extending our knowledge of this subject, as 
it is both sensitive and specific and can be 
performed in any clinical laboratory. The 
method we have used for the last 8 years is 
described in some detail. 

The sugar excretion in 170 twenty-four— 
hour urine collections of 104 full-term and 
premature infants has been examined and a 
physiologic mellituria has been observed 
with a moderate increase of glucose, galac- 
tose, fructose, and lactose, which lasts for 
the first 10 to 14 days. The pattern of the 
mellituria points to immature functions of 
the renal tubule, the liver, and the intestinal 
tract. There is no close time relation to the 
physiologic aminoaciduria of infancy. In 125 
healthy children and adults, urinary excre- 
tion of sugar was minimal or absent. 

To obtain a general idea of the urinary 
sugar pattern in various diseases 1,000 
selected patients were investigated, 130 of 
whom showed mellituria. In 114 instances 
the mellituria was due to the increase of a 
single sugar, namely to glucose in 77 cases, 
lactose in 13, fructose in 12, galactose in 11, 
and xyloketose in 1, respectively. In 16 cases 
the mellituria was due to an increase of more 
than one sugar. The diseases associated with 
these melliturias are discussed and some ten- 
tative figures are given as to the frequency 
of this association. Isolated and constant 


. melliturias are characteristic of inborn er- 


rors of sugar metabolism while symptomatic 
melliturias are more variable in pattern and 
occurrence, though different sugar patterns 
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can be distinguished in hepatic, renal, and 
intestinal disorders. 

The sugar excretion in the urine is af- 
fected by the sugar intake. To establish 
standard test conditions a sugar loading test 
was devised by mixing 40 Gm. glucose, 
8 Gm. galactose, 30 Gm. fructose, 8 Gm. 
lactose, and 20 Gm. sucrose into a sugar 
“cocktail.” This amount was given to 
adults and two-thirds or one-half of it to 
children. Urine was collected in the fast- 
ing state and at 1, 2, and 3 hours after the 
sugar load. Although mild mellituria oc- 
curred after the load in every one of 45 
healthy controls, the sugar increase was 
more pronounced in diseases of the liver, 
kidney, and intestine. The diagnostic possi- 
bilities of such a loading test are underlined 
by the fact that the fasting urine repeatedly 
failed to show mellituria. 

There was a poor correlation between the 
chromatographic results and Benedict’s re- 
duction test. Sugar concentrations up to 150 
mg. per 100 ml. were associated with blue 
or blue-green Benedict reactions, and green 
reactions repeatedly occurred in urines free 
from sugar. Definite and diagnostically im- 
portant melliturias such as idiopathic galac- 
tosuria may be missed if clinical investiga- 
tions are limited to reduction tests, even as a 
screening procedure. For the accurate diag- 
nosis of mellituria, paper chromatography is 
recommended as a routine procedure. 
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Congenital abnormalities of the urinary system 


II. Renal cortical and medullary necrosis 


Jay Bernstein, M.D.,* and Ruben Meyer, M.D. 


DETROIT, MICH. 


RENAL cortical necrosis is relatively un- 
common in infancy, and it has been only 
rarely described in newborn infants. As part 
of a general survey of congenital abnormali- 
ties of the kidneys and lower urinary tract,’ 
our attention has been directed to those cases 
of renal cortical and medullary necrosis 
which occurred in the first week of life, when 
such lesions might be regarded as having 
been present from birth. These lesions have 
been observed in both their initial and rela- 
tively late stages, the latter providing some 
information on reparative processes during 
the perinatal period. 

Some cases of “hemorrhagic nephritis” 
described in the older literature may have 
been examples of cortical necrosis,? and the 
studies of Campbell and Henderson® in 1949 
and of Zuelzer and associates* in 1951 have 
drawn attention to this condition in the 
pediatric age group. The latter study in- 
cluded, among 11 cases of symmetrical renal 
cortical necrosis, 3 that occurred in the first 
week of life. One baby had mesenteric ar- 
terial thrombosis with diarrhea and intes- 
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tinal gangrene, the second had had anemic 
shock because of erythroblastosis fetalis, and 
the third had had asphyxia neonatorum. 
Bland, ischemic necrosis with variable hem- 
orrhage involved all structural elements in 
the renal cortices of the first 2 cases; the ne- 
crosis was limited to the tubular epithelium 
in the third, which was regarded as having 
had an “early” lesion. Another case of corti- 
cal necrosis, recently reported by Eskeland 
and Skogrand,® was that of a premature in- 
fant who died at the age of 2% days, fol- 
lowing repair of a tracheo-esophageal fistula. 
He also had adrenal hypoplasia; there was no 
anatomic evidence of infection. None of 
these infants had demonstrable intrarenal 
thrombi. 

Medullary necrosis has also been described 
in newborn infants, generally occurring in 
association with hyperbilirubinemia and 
kernicterus.®* * These lesions, in this situa- 
tion, probably correspond to the bilirubin 
infarcts* and focal papillary necrosis” *° seen 
in icterus gravis of the newborn. In a case 
recently reported by Marks," renal medul- 
lary necrosis was observed in a newborn 
infant who appeared to have been exsan- 


’ guinated by hemorrhage from the umbilical 


cord. Each medulla was entirely involved by 
ischemic necrosis; the cortices were spared, 
aside from some tubular necrosis at the 
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Table I. Clinical observations 


Birth weight | Body 
Case | and (pound, length 


No. sex ounce) (cm.) Complications of pregnancy Physical findings 
1 Ww aan 46 Uterine and/or placental hemorrhage at  Pallor 
F delivery Lethargy and flaccidity 


“Abnormal vascular insertion” in placenta Dyspnea 


Polyhydramnios Cyanosis 
Lethargy 


Dyspnea 


Placenta previa Dyspnea and apnea 


Slight jaundice 


+ 6,12 49 Fetal bradycardia Cyanosis 
Meconium-stained amniotic fluid Dyspnea 
Postnatal apnea, 30 min. Bleeding from mouth and nose 


Cutaneous petechiae 
Pulmonary rales 
Eclampsia and cesarean section Cyanosis 
Lethargy and flaccidity 
Poor reflexes 

Dyspnea and apnea 
Pulmonary rales 


Pre-eclampsia Cyanosis 
Second of twins; breech, midforceps Poor reflexes 
Postnatal apnea, 25 min. Dyspnea and apnea 
Convulsions 
Abdominal distention and 
pneumoperitoneum 


Pre-eclampsia Pallor and cyanosis 
Premature rupture of membranes Poor reflexes 
Weak heart sounds 
Cutaneous petechiae 
Long fingernails and cutaneous 
desquamation 


N deteis Second of twins Pallor and cyanosis 
F Version and extraction Flaccidity 
Bleeding from cord Absent reflexes 


Pallid placenta Hypopnea 


Spontaneous premature labor following Pallor and cyanosis 
auto accident Hypopnea 
Postnatal apnea, 30 min. 


Slight vaginal bleeding Cyanosis (3rd day) 
Lethargy 

Absent reflexes 
Dyspnea 


Slight jaundice 


Cesarean section for prolonged labor and Poor reflexes 
face presentation Dyspnea and pulmonary rales 

Polyhydramnios Cutaneous petechiae 

Febricula 
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Blood 
Hemoglobin| Nucleated red Urine 
Gm./100 | blood cell/100 Hema- 
ml.) white blood cell| Anuria turia Course and treatment 
7 Possible Shock 


Transfused with sedimented erythrocytes 
Exchange transfusion started 


Right diaphragmatic hernia repaired at 8 hours; 
transfused 

Generalized postoperative hemorrhage following 
accidental heparinization 

Hemoglobin down to 8.5 Gm./100 ml.; 
transfused 


Continuing respiratory distress 7% days 
Progressive abdominal distention 


Terminal Jaundice 26 hours 
Gastrointestinal hemorrhage; thrombocytopenia 
Roentgenographic pulmonary opacification 
Continuing severe respiratory distress 


Abdominal distention 
Continuing lethargy and respiratory distress 


Gastric perforation repaired 
Recurring apnea 


Moderate anemia due to A-O isoimmunization 39 hours 
Hemoglobin falling to 9 Gm./100 ml.; transfused 
Respiratory distress at 10 hours; apnea 


Transfused with sedimented erythrocytes 32 hours 
Continuing flaccidity and unresponsiveness 
Respiratory distress and apnea 


Flaccidity and apnea 15 hours 


Congestive heart failure with hepatomegaly 4 days 
Intestinal bleeding; transfused 
Progressive respiratory distress 


Bacteremia (E. coli) 


Progressive hypopnea 


Age at 
death 
= 7 hours 
20 53 
Dus 
15 0 +, 
13.3 25 0 + DE 36 hours 
es 
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corticomedullary junctions, and thrombi 
were not encountered. Marks suggested that 
renal ischemia due to hypotension and vaso- 
spasm was responsible for the lesion. 

The case material for this report includes 
4 infants who were previously mentioned in 
the general survey of congenital renal ab- 
normalities‘ and 7 observed subsequently. 
These were encountered during a 5-year 
period (1956 to 1960) in a series of 1,094 
autopsies, of which approximately one third 
were performed on newborn infants. 


CLINICAL MATERIAL 


The cases which comprise this report 
(Table I) are evenly divided between male 
and female and between white and Negro. 
Only 3 of the 11 infants were premature, as 
determined by body lengths of less than 47 
cm.; one other infant did measure 47 cm., 
and the remaining 7 measured 48 cm. or 
more. One infant measured 59 cm. and was 
probably postmature. 

Only Cases 3, 7, and 10 were not abnor- 
mal at birth. In the others, varying degrees 
of lethargy and respiratory difficulty were 
present immediately after delivery. Case 2 
had a congenital diaphragmatic hernia, 
which undoubtedly contributed to his diffi- 
culty, and Case 6 suffered a spontaneous 
gastric perforation. 

Three infants (Cases 4, 5, and 6) suffered 
from intrauterine asphyxia, and apnea was 
present for approximately a half hour after 
delivery in Cases 4 and 6. Postnatal asphyxia 
was also present in Case 9, when the infant 
was apneic for a similar period of time. 

Factors promoting intrauterine asphyxia 
included preeclampsia (Cases 6 and 7), ec- 
lampsia (Case 5), and placenta previa 
(Cases 5 and 11). Polyhydramnios was pres- 
ent in 2 pregnancies; in Case 2 it may have 
been related to high intestinal obstruction 
because of a right-sided diaphragmatic 
hernia, but no predisposing factors were ob- 
served in Case 11. Uterine or utero-placental 
hemorrhage was observed in Cases 1, 3, 8, 
and 10, and it may have contributed to 
intrauterine anoxia. 


The observed utero-placental hemorrhage 
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Fig. 1. Case 2. Patchy, hemorrhagic cortical ne- 
crosis. 


Fig. 2. Case 5. Hemorrhagic necrosis of medullary 
pyramids; irregularly attenuated cortex with areas 
of hemorrhagic necrosis. 


was, however, associated with anemia in 
these infants. Cases 1 and 8 had very low 
hemoglobin levels, 7 and 11.6 Gm. per 100 
ml., respectively, on the first day of life and 
were in immediate distress. Patient 10 de- 
veloped distress and severe cyanosis on the 
third day, when these signs may have been 
related to a congenital cardiac malformation, 
and the infant was observed to have a hemo- 
globin of 12 Gm. per 100 ml. with 78 
nucleated red cells per 100 white blood cells. 
Case 3 had a relatively mild anemia with a 
hemoglobin of 14.5 Gm. per 100 ml.; this 
infant had only a focal renal lesion, the 
mildest in the group. 
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Two other infants with anemia (Cases 7 
and 11) appeared to have a_ hemolytic 
anemia. In Case 7 there was A-O incompati- 
bility with a positive indirect Coombs test 
and mild erythroblastosis fetalis. The infant 
also developed hematoperitoneum due to a 
ruptured subcapsular hepatic hematoma, 
probably accounting in this manner for most 
of his blood loss. Case 11 did not present 
any evidence of isoimmunization, but this 
infant had a positive blood culture for 
Escherichia coli, and evidence of meningitis 
was found at postmortem examination. 

Elevation of nucleated red blood cell 
counts was variable. The count was not 
elevated in the infant with -erythroblastosis 
and ruptured hepatic hematoma, indicating 
that acute blood loss may have played the 
major role in producing anemia. Counts 
were also elevated, when determined, in the 
other anemic infants, indicating that blood 
loss may have preceded delivery by a vari- 
able period of time. Two infants with intra- 
uterine asphyxia (Cases 4 and 5) also had 
elevated counts. 

Anuria was specifically mentioned in the 
clinical records of Cases 6, 7, and 8. No uri- 
nation was recorded in Cases 1 and 2, but 
its absence was not specifically mentioned. 
Hematuria, gross or microscopic, was ob- 
served in 5. Only one case, that with the 
mildest lesion, did not have either anuria or 
hematuria. Elevation of blood urea nitrogen 
was seen when values were determined; Case 
5 had a level of 75 mg. per 100 ml. and Case 
11 a level of 60 mg. per 100 ml. 

The clinical appearance of these infants 
was generally that of lethargy, flaccidity, 
and progressive dyspnea and apnea. Those 
who were anemic were often pallid, and 
cyanosis was reported in both anemic and 
nonanemic infants. Slight jaundice was ob- 
served in Cases 3, 4, and 10. The highest 
total bilirubin level recorded was 11.4 mg. 
per 100 ml. in Case 3. Cutaneous petechiae 
were present in Cases 4, 7, and 11, and 
bleeding from the mouth and nose was pres- 
ent in Case 4, in whom the platelet count 
was only 49,140 per cubic millimeter. Clini- 
cal evidence of sepsis was present in only 
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Case 11, the only child who was febrile. In 
Case 10, congenital heart disease dominated 
the clinical picture. 

Case 2 warrants special mention because 
the baby inadvertently received an excessive 
amount of heparin during the surgical repair 
of a diaphragmatic hernia. He suffered post- 
operatively from generalized hemorrhage, 
and his blood appeared to be incoagulable. 
The operation had been done at the age of 
8 hours, and he died at 31 hours before 
corrective measures could be undertaken. 


PATHOLOGIC OBSERVATIONS 


The renal necrosis was generally bland 
and usually hemorrhagic. It was cortical in 
4 instances, predominantly medullary in 6, 
and combined in 1. Renal weight was 
slightly increased in several and was other- 
wise within the normal range (Table II). 

Cortical necrosis (Cases 1, 2, 4, and 7) 
varied in its distribution from patchy to dif- 
fuse (Fig. 1), and in Case 4 one kidney 
was diffusely involved whereas only small, 
focal lesions were present in the other kid- 
ney. The intralobular cortical vessels were 
engorged with blood in all, and the glomeruli 
were also congested. Extravasation of blood 
was present in all, but was relatively mild in 
Case 7. Hemorrhage at the corticomedullary 
junctions extended into the adjacent bases of 
the medullary pyramids, except in Case 7. 

Generalized medullary necrosis was ob- 
served in Cases 5, 9, 10, and 11 and was 
associated with intense medullary congestion 
and hemorrhage. Focal, hemorrhagic papil- 
lary necrosis was seen in Cases 3 and 6, in 
the former the mildest lesion of the group. 
In several with medullary necrosis (Cases 5 
and 10), the vessels extending into the cor- 
tices along the medullary rays were also 
engorged, and in Case 5 there was relatively 
severe involvement with necrosis extending 
into the attenuated cortex (Fig. 2). Moder- 
ate cortical necrosis, with relatively severe 
tubular necrosis, was observed to accompany 


. the medullary lesion in Cases 9 and 10. 


In one instance (Case 8), patchy areas of 
hemorrhage and necrosis were present in 
both the cortex and the medulla. The two 
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Table II. Pathologic observations 
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Renal lesions 


Normal 
Renal | weight* 


weight | (grams) 1 Distribution of necrosis 


Cortical 
involvement 
in cases of 
medullary 
Thrombi necrosis 


32 19 Cortical, diffuse 
26 Cortical, patchy 
12 Papillary, focal 
Cortical, diffuse (R) 
focal (L) 
Medullary, diffuse 
Papillary, focal 


Cortical, diffuse 


Cortical and medullary, 
patchy 


Medullary, diffuse 


Medullary, diffuse 


47.5 22 Medullary, diffuse 


None Stomac 
adret 


Occasional fibrin strands in cortical 
arterioles 


None Adrena 


Rare glomeruli and afferent arterioles 


None Extensive iver, i 
Fibrin deposits in necrotic medullary None oo 
vessels 
Fibrin strands in necrotic cortical vessels Btomac 
Fibrin strands in necrotic cortical vessels Patchy on 
deple 

Irregular Bpleen, 

Variable Bromac: 

adrer 

deple 

None Tubular, slight 


*Normal weights estimated from figures of Potter & Adair.* 


zones were not continuous, but the lesions 
otherwise corresponded to the patterns ob- 
served in the other cases. 

Occlusive thrombi were observed in only 
Case 4, in which fibrinous plugs seemed to 
be present in 1 or 2 capillary loops of occa- 
sional glomeruli. The thrombi were far from 
numerous, and none was seen in larger ves- 
sels. Occasional fibrinous strands could be 
seen in necrotic vessels in other kidneys, but 
thrombi did not fill the lumens. Thrombi 
were not seen in the medullary pyramids 
except in Case 6, and venous thrombi were 
not observed. Arterial embolization with 
segmental renal infarction was not included 
in this particular series of cases. 

Leukocytes were only rarely present in or 
around the areas of necrosis, and in no in- 
stance was evidence of renal infection ob- 


served. As might be expected, congestion 
and hemorrhage were often most pro- 
nounced at the peripheries of the necrotic 
areas. The blandness of the lesions also 
served to distinguish them from “bilirubin 
infarcts.” There was no evidence of inclusion 
disease of any kind. 

The cortical necrosis was predominantly 
within the inner cortex, with a peripheral 
zone of sparing (Fig. 3). The lesions in the 
focally involved kidney of Case 4, however, 
were subcapsular in location. The diffuse 
medullary involvement was most severe at 
the bases of the pyramids, but papillary 
sparing was quite variable and necrosis of 
some entire pyramids was seen in Cases 9 
and 11 (Fig. 4). The cases with focal papil- 
lary necrosis (Fig. 5) did not have other 
lesions in the kidneys. 
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Associated extrarenal lesions 


ullary 
rosis 


Necrosis 


Hemorrhage 


Stomach, small intestine, liver, 
adrenal 


Smal! intestine, liver, adrenal 


Stomach, intestine, liver 


Stomach, small intestine, liver, 
brain; splenic lymphoid 
depletion 


Spleen, pancreas, liver, adrenal 


Stomach, large intestine, liver, 
adrenal; splenic lymphoid 
depletion 


iver, adrenal 


Lung, small intestine 

Heart, lung, stomach, intestine, adrenal, 
testis, brain, spinal cord 

Small intestine, brain 

Heart, lung, stomach, intestine, urinary 
bladder, uterus, brain 

Lung, stomach, intestine, adrenal, brain 

Splenic trabeculae, stomach, liver, 
adrenal, thymus, brain 


Heart, lung, intestine, diaphragm, skin 


Lung, stomach, intestine, liver, uterus, 
brain 


Heart, lung, stomach, pancreas, brain 


Intestine, liver 


Heart, lung, stemach, liver, adrenal, 


Slight preductal aortic coarctation 
Diaphragmatic hernia (repaired) 


Arteriolar thrombi, brain 
Pulmonary atelectasis with hyaline 
membrane formation 


Gastric perforation, repaired 
Aspiration of amniotic sac contents and 
slight pneumonia 


Ruptured subcapsular hematoma, liver; 
hematoperitoneum, 100 cc. 


Congenital heart disease: hypoplastic 
left atrium, left ventricle, aorta; 
interventricular septal defect 


Meningitis, acute 


urinary bladder, thymus, skin, brain 


No developmental abnormalities were ob- 
served in the renal parenchyma or vascula- 
ture of any case. The interlobular, arcuate, 
intralobular, medullary, and calycine vessels 
appeared to be normally arranged and free 
of underlying disease. 

Another histologic finding of interest was 
the presence of focal areas of necrosis in 
other organs. Most common were focal he- 
patic and adrenal necrosis, present in 9 and 
8 instances, respectively. The liver lesion 
was centrolobular, bland, and apparently 
anoxic. A predilection for one lobe or the 
other of the liver was not observed, and, as 
in the kidney, there was no evidence of in- 
clusion disease or other primary inflamma- 
tory process. The adrenal lesion appeared 
to be ischemic and involved predominantly 
the fetal cortex. Another frequent site of 


necrosis was the brain, which was involved 
5 times. This sometimes took the form of 
widespread neuronal necrobiosis, and in 
others there were areas of malacia involving 
the white matter of the centrum semiovale. 
Cerebral hemorrhage was also present in 
Case 4 and was associated with occasional 
thrombi within small blood vessels. Necro- 
biosis of the gastrointestinal mucosa was 
observed 6 times, and there was frequently 
erosion or shallow ulceration. In Case 11 the 
mucosa of the stomach and jejunum had a 
regenerative appearace, and there were scat- 
tered small areas of scarring, suggesting a 
healing erosion. Mucosal erosion of the 
esophagus was also frequently seen, but it has 
not been included in the tabulation because 
of its frequent occurrence in newborn infants. 
Other sites of focal necrosis included the 
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Fig. 3. Case 4. Ischemic necrosis of inner cortex; 
relatively sharp line of demarcation at cortico- 
medullary junction. (Hematoxylin and eosin stain. 
Original magnification 23.) 


Fig. 4. Case 11. Necrosis of medulla, including 
papilla; relatively sharp line of demarcation at 
corticomedullary junction. (Hematoxylin and 
eosin stain. Original magnification 14.) 
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spleen, where there was often depletion of 
lymphoid follicles, and in one case the pan- 
creas. 

A related abnormality was petechial hem- 
orrhage in many organs. Focal areas of ex- 
travasation were variably found in the heart, 
lungs, gastrointestinal mucosa, connective 
tissue of the liver, genito-urinary tract, cere- 
brum, and meninges. They were not associ- 
ated with vascular lesions and may be 
regarded as having been anoxic in type. 

Pulmonary abnormalities were generally 
related to poor aeration, as reflected in ir- 
regular areas of atelectasis and emphysema. 
Hyaline membrane formation was present in 
Case 4, and a slight pneumonia in associa- 
tion with aspirated amniotic sac contents 
was present in Case 6. Other important as- 
sociated findings included hematoperitoneum 
in Case 7 as the result of a ruptured sub- 
capsular hematoma of the liver, severe con- 
genital heart disease with hypoplasia of the 
left atrium, left ventricle and aorta in Case 
10, and acute meningitis, possibly as the re- 
sult of E. coli sepsis, in Case 11. The dia- 
phragmatic hernia in Case 2 and the gastric 
perforation in Case 6 had been adequately 
repaired. 


LATE EFFECTS OF 
RENAL NECROSIS 


Two cases, not included in the tabulation, 
illustrate late results of renal necrosis. One 
infant had suffered from intrauterine anoxia 
because of placental abruption and also had 
a hemoglobin of only 10.8 Gm. per 100 ml. 
on the first day of life. Gross hematuria was 
observed on the second day, and although 
he maintained good urinary output his blood 
urea nitrogen was always markedly elevated. 
He died at the age of 24 days from super- 
vening staphylococcal pneumonia and sep- 
ticemia. 

Another infant,* who had been born after 
a traumatic labor, developed pallor and 
shock 20 minutes after birth. His hemo- 


*We are indebted to Dr. S. Farber, Pathologist-in-Chief 
Children’s Hospital Medical Center, Boston, for permission 
to cite this case. 
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Fig. 5. Case 3. Focal papillary necrosis. (Hema- 
toxylin and eosin stain. Original magnification 
x85.) 
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globin dropped from 10 to 6 Gm. per 100 
ml. in several hours, and hematuria was ob- 
served on the third day of life. He was 
mildly oliguric; his blood urea nitrogen rose 
to 60 mg. per 100 ml. and his serum creat- 
inine was 13 mg. per 100 ml. At the age 
of 12 days his blood pressure by the palpa- 
tion method was 220 mm. Hg. He had severe, 
generalized edema and became markedly 
oliguric, dying at the age of 23 days. 

Both cases had severe renal necrosis, which 
was predominantly medullary in location, 
and the cortices were variably atrophic and 
scarred. The cortical elements were sepa- 
rated by fibrous tissue, and dense scars sur- 
rounded disrupted tubules. Many tubules, 
particularly around areas of medullary ne- 
crosis, were lined by tall columnar epithe- 
lium, which had an “undifferentiated” or 
primitive appearance. Many similarly lo- 
cated tubules, which appeared to be part of 
the collecting system, were the site of squa- 
mous metaplasia. The cortical tubules were 
irregularly atrophic and regenerative, the 
latter with a tendency to epithelial undiffer- 
entiation. The glomeruli were obliterated in 


Fig. 6. Patterns of epithelial proliferation in healing necrosis: “primitive 
ducts” lined by undifferentiated epithelium (left), squamous metaplasia in 
collecting ducts at margin of necrosis (center), and “primitive glomerulus” 
in area of cortical scarring (right). (Hematoxylin and eosin stains. Orig- 
inal magnifications: left 165, center x210, and right <150.) 
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areas of cortical fibrosis, and the remaining 
glomeruli were fibrotic, solid, or “primitive” 
in appearance (Fig. 6). 

In the first the medullary pyramids were 
virtually completely necrotic, and a partial 
line of cleavage, with impending sequestra- 
tion of the pyramids, seemed to be present 
in the neighborhood of the corticomedullary 
junction. Healing necrosis was also present 
in the liver and adrenals. The cortical 
atrophy was more severe in the second, in 
which relatively recent necrosis was also 
present. The continuing process appeared to 
be secondary to occlusive vascular lesions. 
The inter- and intralobular arteries were 
large and hyperplastic and were the sites of 
endothelial proliferation, intimal fibrosis, 
medial hypertrophy, adventitial prolifera- 
tion, and recent thrombosis and necrosis. 
Similar arterial lesions, believed to represent 
a hypertensive arteritis, were also present in 
the gastrointestinal tract, liver, periadrenal 
fat, and genito-urinary tract. Resolving ne- 
crosis was focally present in the brain and 
spleen. 

In summary then, both cases demonstrate 
the late morphologic alterations, but in only 
the second could functional manifestations 
be attributed to them. The development of 
malignant hypertension is similar to the 
course described by Johansmann & Zeek” 
in a newborn infant who had renal necrosis 
secondary to arterial embolization and by 
Sharpe and Hall'® in a 4-month-old infant 
who had suffered severe intrauterine anoxia. 
Focal medullary scarring has also been ob- 
served by us in the case of a 1-month-old 
child who was severely asphyxiated at birth, 
but whether or not the preceding lesion had 
been the sort of necrosis described above is 
speculative. 


DISCUSSION 


If both hemorrhagic and asphyxial shock 
may result in a condition of reduced renal 
blood flow, the cortical necrosis can be rea- 
sonably attributed to renal ischemia of suf- 
ficient severity and duration. Toxic factors 
have not been identified, and the pathologic 
findings do not support a role for infection 
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or vascular thrombi in the causation of the 
necrosis. Only occasional thrombi were seen 
in necrotic areas, much like the observations 
of Sheehan and Davis,“* who noted that 
thrombi may develop in necrotic blood 
vessels after renal ischemia. In experimental 
conditions, such as the generalized Shwartz- 
man reaction, in which renal cortical necro- 
sis has been attributed to vascular throm- 
bosis, the reaction may be blocked by the 
use of anticoagulants.** ** In one of our 
cases the inadvertent administration of 
heparin resulted in incoagulability of the 
blood. This did not prevent the development 
of renal necrosis, but the temporal relation- 
ship of the heparinization to the inception 
of the renal lesion cannot be determined. 

Medullary necrosis, on the other hand, has 
been attributed to medullary vasoparalysis 
and stasis,** in which an element of venous 
obstruction may be present.’* Sheehan and 
Davis*® have also shown that total renal 
ischemia due to arterial occlusion in rabbits 
may lead to cortical necrosis when renal cir- 
culation does not become re-established after 
releasing the arterial clamp. When the pe- 
riod of renal ischemia was somewhat shorter, 
cortical circulation was sometimes re-estab- 
lished but medullary flow was not. This state 
led to infarction of the medullary pyramids. 

Sheehan and Davis’® were also able to 
produce necrosis in just the convoluted tu- 
bules by still shorter periods of renal ische- 
mia. A similar gamut of renal lesions has 
been produced in rats by the administration 
of serotonin®® ** and epinephrine,”* agents 
which also act by producing renal ischemia. 
A spectrum of renal lesions may also occur 
in newborn infants, in whom tubular necro- 
sis may follow asphyxia neonatorum.”* 

No clinical differences were observed be- 
tween the group with cortical necrosis and 
the one with medullary necrosis. No patho- 
logic basis for the distribution of the lesions 
was observed. In a few cases the necrosis 
was limited to the medullary papillae, but 
there was again no obvious reason for this 
localization. 

Petechial hemorrhages and focal areas of 
necrosis in other organs were especially fre- 


s 
f 
t 
t 
r 
h 
c 
tl 
b 
f; 
P 
g 
e 
le 
a 
WwW 
a 
tl 
E 
ir 
fi 
re 
tl 
P 
h 
d 
st 
S} 
T 


Volume 59 Number 5 


quent. These findings may be adduced to 
support the notion that asphyxia and shock 
are the underlying abnormalities. The renal 
lesion was generally the most dramatic and 
may have been the most significant lethal 
factor in the majority of cases, but focal 
areas of necrosis in the liver, adrenal, brain, 
and gastrointestinal tract were also common. 
These lesions may be regarded as part of 
the “syndrome” of neonatal shock.** 

Renal disease had not, in general, been 
clinically suspected, and signs were attrib- 
uted to neonatal anoxia or blood loss. Al- 
though there were few clinical findings 
relating to the urinary system, anuria or 
hematuria was often present when looked 
for. These findings, particularly when asso- 
ciated with signs of shock in the newborn, 
may be a clue to the presence of renal necro- 
sis. Other diagnoses that must be considered 
under these circumstances are renal vein 
thrombosis, renal artery thrombosis or em- 
bolization, and tubular necrosis. 

The reaction to necrosis in the older in- 
fants produced certain patterns of epithelial 
proliferation that have sometimes been re- 
garded as evidence of dysplasia.** Regen- 
erating tubules around the areas of medul- 
lary necrosis were lined by tall columnar 
and pseudostratified columnar epithelium, 
which had a primitive or “undifferentiated” 
appearance. Some collecting tubules were 
the site of striking squamous metaplasia. 
Epithelial retention cysts were also observed 
in the medullary tissue, but these lacked 
fibromuscular collars and did not have the 
appearance of dysplastic elements. Cortical 
scarring was also associated with epithelial 
regeneration. Partially involuted glomeruli 
were occasionally the site of excessive epi- 
thelial proliferation, producing so-called 
primitive glomeruli.** These structures ap- 
peared to be more reasonably part of the 
healing process than a form of underlying 
dysplasia. 

The speculation that some dysplastic 
structures might represent a metaplastic re- 
sponse to inflammation has been offered by 
Taft.** Primitive ductules or tubules and 
primitive glomeruli can, in our view, be a 
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secondary alteration. This hypothesis is cur- 
rently being tested by appropriate animal 
experiments. 


SUMMARY 


A review of the clinical material in 11 
newborn infants with renal necrosis has dis- 
closed histories that are most often compati- 
ble with shock due to severe asphyxia or 
blood loss. The necrosis was present in both 
the cortex and medulla, but no underlying 
malformations were encountered. Focal, 
ischemic necrosis, and petechial hemorrhage 
were commonly present in other organs. 

Two other infants were observed at ap- 
proximately 1 month of age, after a similar 
clinical course in the early newborn period. 
One developed severe hypertension, and 
both had severe renal scarring in association 
with medullary necrosis. Primitive structures, 
reminiscent of renal dysplasia, developed in 
association with the healing process and 
were regarded as a reaction to injury. 
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Effectiveness of adenovirus vaccine in children 
with repeated acute respiratory illnesses 


Philip J. Kozinn, M.D.,* Harry Wiener, M.D., and James J. Burchall, M.A. 


BELLE HARBOR, LONG ISLAND, N. Y. 


Every physician knows how large a role 
respiratory infections play in his practice, 
but not every physician is aware of how 
many of these infections are viral in origin. 
The actual proportion of respiratory infec- 
tions caused by bacteria varies a good deal 
from place to place and from time to time. 
On the average, however, only 1 of 10 pa- 
tients suffering from minor respiratory ill- 
nesses is likely to have a bacterial infec- 
tion.?® 12 

Unfortunately, bacterial infections cannot 
be differentiated on clinical grounds alone, 
and the illness is likely to have taken its 
course when proof of viral etiology is ob- 
tained.® Prophylactic treatment with effec- 
tive vaccines is, therefore, of the greatest 
importance. 

The adenoviruses are one of the groups of 
newly recognized respiratory viruses. Any 
description of clinical illness caused by ade- 
noviruses must always be subject to the 
proviso that the same strain of virus may 
produce one clinical picture in one individ- 
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ual and an entirely different picture in an- 
other." As we learn more about these ill- 
nesses, however, differences in the clinical 
patterns produced by individual types are 
beginning to appear. Type 4 adenovirus 
infection, for example, has been shown to 
differ from Asian strain influenza by a more 
gradual onset, by the presence of pharyngeal 
inflammation with or without exudate, and 
by a greater predominance of sore throat 
and hoarseness among the patient’s symp- 
toms.?* *4 

The clinical syndromes associated with 
adenovirus infections are currently believed 
to include pharyngoconjunctival fever,'* *° 
particularly with Type 3 infections; pharyn- 
gitis, particularly with Types 1, 2, 3, and 5;'* 
acute follicular conjunctivitis;> pneumonia;* 
bronchiolitis and laryngotracheobronchitis;"® 
and epidemic diarrhea."' Experimental in- 
oculation of live Types 3, 4, and 7 adeno- 
viruses into human volunteers produces an 
acute respiratory illness of about 4 days’ 
duration after an incubation period of 2 to 
3 days. This illness is characterized by fever, 
inflammation of the mucous membranes of 
eyes, ears, nose, and throat, and by swelling 
of the cervical lymph nodes."* 

Adenovirus infections are rare in civilian 
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populations, except for occasional outbreaks 
of respiratory or of conjunctival illness.** As 
in other contagious viral illnesses, there has 
been growing interest in the possibility of an 
attenuated living vaccine, but the absence of 
standardized preparations suitable for mass 
production suggests that we shall have to 
make do with killed vaccines for a while 
longer.* 

Previous adenovaccine studies have in- 
cluded that of Hilleman.’* Using adenovirus 
Types 4 and 7, he reported a significant re- 
duction in acute respiratory infections at a 
military hospital. Only one case of serologi- 
cally positive adenovirus disease requiring 
hospitalization occurred among 311 vac- 
cinated recruits from the second to the fifth 
week after vaccination, as contrasted to 61 
cases among 313 controls. This represents an 
apparent reduction of 98 per cent from the 
expected frequency. 


Table I. Summary of serologic data 
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A vaccine containing adenovirus Types 3, 
4, and 7 has proved highly effective when 
tested in R.A.F. recruits. There was a total 
reduction of 40 per cent in the incidence of 
acute respiratory illness more than one week 
from vaccination. The protective effect of 
the vaccine against adenovirus infection was 
estimated at 70 per cent.*® 

Two recent studies deal with the effect of 
adenovirus vaccine on children suffering 
from various allergies. Chobot* was unable 
to evaluate the clinical efficacy of the vac- 
cine, but demonstrated that intradermal in- 
jection produced higher antibody titers than 
did subcutaneous injection. Dees® noted im- 
provement in 71 of 96 allergic children 
treated with adenovirus vaccine by subcuta- 
neous injection. She found no constant 
relationship between clinical improvement 
and rise in virus neutralizing antibody titer. 

Bell* at Great Lakes Training Center vac- 


Type 1 Type 2 Type 3 Type 4 Type 5 Type 7 

Geometric means of titers of total group 
Prevaccination 21 37 8 8 9 8 
Postvaccination 29 37 20 31 11 14 
Geometric means of individual fold increases 

1.23 1.02 2.69 4.56 32 2.51 
Per cent of group with twofold or greater increase in titer 

25 18 47 57 16 33 
Per cent of patients with titers 

<8 8-32 32-512 512-2048 
Type 1 
Prevaccination 52 11 31 6 
Postvaccination 50 8 31 11 
Type 2 
Prevaccination 39 10 39 12 
Postvaccination 37 16 43 4 
Type 3 
Prevaccination 62 27 11 0 
Postvaccination 32 35 31 2 
Type 4 
Prevaccination 46 51 3 0 
Postvaccination 24 33 40 3 
Type 5 
Prevaccination 64 18 16 2 
Postvaccination 68 12 14 6 
Type 7 
Prevaccination 71 25 4 0 
Postvaccination 36 44 20 0 
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Table II. Titer rise in specific adenovirus serotypes—relation to prior adenovirus 


injection 
Adenovirus serotype 
heat 1 2 3 4 5 7 
Group of patients cases | No. | % | No. | % No. | %o No. | % |\No.| % No.| % 
Prior adenovirus* 16 > Sis 4 25.0 9 563 16 100 0 #0 13. 81.3 


*Four of the “prior adenovirus’’ group of 20 and 6 of the “‘no prior” group of 74 patients are not included in this table 


due to lack of a postvaccine blood sample. 


cinated nearly 4,000 recruits with a trivalent 
adenovirus vaccine and measured the rise in 
virus-neutralizing antibody titer. The vac- 
cine induced a substantial antibody response 
to each of the three types of virus contained 
in it. A significant reduction in the incidence 
of acute febrile respiratory disease associated 
with Type 4 was noted. 

At present, it seems unlikely that there is 
need for the use of adenovirus vaccines in 
the general population,** *° with the excep- 
tion of specially exposed groups such as re- 
cruits newly brought together in Army 
camps.* Children, however, represent a spe- 
cial case with regard to adenovirus infec- 
tions. We do not know the incidence of these 
infections and what deleterious effects may 
follow in their train. Estimates for the fre- 
quency of adenovirus infections in children 
away from the home environment vary be- 
tween 5 and 10 per cent of all respiratory 
tract illnesses.** A review of the occurrence 
of adenovirus infections in civilian popula- 
tions has led to the estimate that use of a 
completely effective adenovirus vaccine 
would result in only a 6 per cent reduction 
in the number of common respiratory infec- 
tions experienced by an average child during 
the first 10 years of life.** 


METHODS 


The vaccine under trial was a polyvalent 
vaccine with adenovirus serotypes 1, 2, 3, 4, 
5, and 7 of the adenopharyngeoconjunctival 
viruses grown on monkey kidney tissue and 
inactivated with formaldehyde.* The po- 


*This material was kindly supplied by Dr. Charles F. 
Weiss, Department of Clinical Investigation, Parke, Davis & 
Company. 


tency of this vaccine had been determined in 
animals. It was administered to 104 children, 
10 of whom were over | and under 2 years 
of age; 45, aged 2 to 5 years; 36, aged 6 to 
9; and 13, aged 10 or more. The children 
were selected for this study on the basis of a 
past history of repeated acute respiratory 
infections over a period of several years at a 
rate higher than that normally seen in our 
practice. In a number of these children a 
variety of measures intended to give relief 
had been undertaken with little hope of 
success, and indeed with no success. They in- 
cluded autogenous and influenza vaccines, 
gamma globulin injections, antibiotics, ton- 
sillectomy, and changes in residence. Twenty 
children in this group had received adeno- 
virus vaccine comprising serotypes 3, 4, and 
7 one year before this trial. 

It is quite possible that such selection of 
patients may bias the study against good 
antibody response, since most individuals 
spontaneously develop a greater resistance to 
respiratory infections than did the present 
series of patients. The reason for this method 
of selection was that these are the patients 
most likely to be given prophylactic vaccines 
against respiratory viruses. This study aims 
to help the physician predict what is likely 
to be the antibody response to injection with 
a hexavalent adenovirus vaccine in a group 
of this type. 

Each patient was given 2 subcutaneous 
injections of vaccine, one month apart. 
Those under 8 years of age received 0.5 c.c. 
in each injection. Those 8 years old and over 
received 1.0 c.c. per injection. A blood sam- 
ple was drawn immediately before the initial 
vaccination and again 30 days after the 
second injection. Eighty-four children co- 
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operated in these serologic studies. Serum 
specimens were coded, frozen, and sent by 
air to the Parke, Davis & Company, Detroit, 
for measurement of virus neutralizing anti- 
body titers. Titers of antibodies to all the 6 
serotypes contained in the vaccine were 
determined. 

An individual monthly follow-up was com- 
completed by the same examiners for each 
child who received the vaccine. The same 
mimeographed questionnaire was completed 
at each visit. The number, type, and severity 
of respiratory infections were recorded for 
each month and totaled at the end of a year. 
A successful clinical follow-up was achieved 
in 102 of the 104 patients who participated 
in this study. 


RESULTS 


Table I summarizes the results of this 
study. It can be seen that the vaccine pro- 
duced no definite increase in titers of anti- 
bodies to adenovirus serotypes 1, 2, and 5; 
produced moderate increases to Types 3 and 
7; and produced increases averaging four- 
fold or more to only | of the 6 serotypes in 
the vaccine, Type 4. 

There was almost a complete absence of 
local or constitutional reactions to these 
injections. 

There was no significant change in the 
number and severity of respiratory illnesses 
in these patients in the year following the 
first injection of the vaccine as compared 
with the preceding year. 

Table II compares the rise in antibody 
titers in those patients who had prior adeno- 
virus vaccine with those who had not been 
vaccinated before the present investigation. 
In all cases the group who had received 
adenovirus vaccine previously had a higher 
percentage of individuals with rises in a spe- 
cific serotype than the groyp who had not 
received such vaccine. It should be noted 
that there was also a higher percentage of 
raised titers to serotypes 1 and 2 which 
were not contained in the original vaccine 
among the group which had previously re- 
ceived the adenovirus vaccine. Prior injection 
in the preceding year of serotypes 3, 4, and 
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7 was of no apparent clinical advantage to 
the patients. There was no constant relation- 
ship between clinical improvement and rise 
in virus neutralizing antibody titer. 


SUMMARY 


One hundred and four pediatric patients 
with a history of repeated respiratory ill- 
nesses were inoculated with a hexavalent 
adenovirus vaccine. It failed to produce sig- 
nificant antibody response in a large pro- 
portion of the patients. Unless and until a 
large-scale controlled study shows statisti- 
cally significant increases in antibody titer 
and decreases in respiratory illness attribut- 
able to the use of this vaccine, there is not 
sufficient evidence to justify its routine use 
in pediatrics. 


Dr. Benjamin Kramer, Dr. Philip Cohen, Dr. 
David Grob, and Dr. Israel Schmierer made 
valuable suggestions in the preparation of this 
manuscript. 
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Plasma fibrinogen in the diagnosis of 
neurogenic byperthermia 


Abram Kanof, M.D.* and Bruno W. Volk, M.D. 


BROOKLYN, N. Y. 


Ir 1s well known that a variety of diseases 
of the brain may cause disruption of the 
temperature control mechanism, and that 
children with such disturbances may develop 
an elevated temperature in the absence of 
infection." Moreover, when infection does 
supervene, temperature elevations may con- 
tinue for an inordinately long time despite 
obvious subsidence of the infection. The 
pediatrician is, therefore, confronted with 
the problem of differential diagnosis between 
fever due to infection and neurogenic tem- 
perature elevations. The limited reliability of 
the erythrocyte sedimentation rate (ESR) in 
detection of infection has been noted fre- 
quently.*** This limitation is based chiefly on 
the fact that agglutination of small particles 
is influenced by a variety of nonspecific fac- 
tors. Moreover, a clinical study* has shown 
that otherwise normal children may have 
elevated ESR values. 

In a previous study we’ observed several 
patients with fever of central nervous system 
origin who had normal fibrinogen concentra- 
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tions even when the ESR was accelerated.° 
The diagnostic value of the fibrinogen de- 
termination has also been reported in other 
groups of patients.*°-** In view of these find- 
ings, a systematic study was undertaken to 
determine whether the plasma fibrinogen 
level could be used in children to differen- 
tiate fever due to infection from neurogenic 
temperature elevations. 


METHODS 


Selection of patients. Serial determinations 
of the plasma fibrinogen and ESR were car- 
ried out in 23 children with diseases or syn- 
dromes commonly thought to be of central 
nervous origin. The disease categories in- 
clude dysautonomia, Tay-Sachs disease, 
Schilder’s disease, hydrocephalus, trauma to 
the brain, and brain tumor. There were also 
5 patients with Sydenham’s chorea who, al- 
though they did not exhibit fever, were in- 
cluded because of the consideration that in 
some instances this condition may be non- 
rheumatic in origin. During each febrile 
episode the children were examined thor- 
oughly to rule out infection. 

The series reported in our previous pub- 
lication? in which normal children were 
subjected to serial determinations of ESR 
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and fibrinogen was extended from 7 to 20 
cases; in no instance did the plasma fibrino- 
gen rise above normal values in a normal 
child. 

The corrected ESR was determined by the 
method of Wintrobe.*° The fibrinogen deter- 
minations were carried out by the method of 
Losner and Volk. This procedure is as 
follows: 

Venous blood is withdrawn and added in 
a ratio of 9:1 to 0.1 M. solution of sodium 
citrate. After centrifugation 0.1 mil. of 
plasma and 0.1 ml. of fresh rabbit brain 
thromboplastin is placed in a cuvette meas- 
uring 6 mm. in diameter and 7.5 cm. in 
length. The mixture is then incubated in a 
water bath at 37° C. for 3 minutes. There- 
after, the cuvette is placed into the micro- 
adapter of a Coleman Junior Spectropho- 
tometer Model 6A with the wave length set 
at 500 my, and 0.1 ml. of 0.02 M. solution of 
calcium chloride is blown swiftly into the 
cuvette. At this point, the optical density is 
read from the upper (optical density) scale 
and recorded. At the instant of clotting the 
galvanometer light beam suddenly begins to 
move to the left. The final optical density is 
read and recorded, and the first value is 
substracted from the second reading. The 
difference, multiplied by 100, is termed “clot 
density.” From this value the fibrinogen level 
is calculated according to the following, pre- 
viously elaborated formula (F = 18d + 120) 
where F indicates fibrinogen in milligrams 
per 100 ml. of plasma and d represents the 
clot density. The clot density in normal per- 
sons of either sex ranges from 5 to 15, cor- 
responding to a fibrinogen concentration 
ranging from 210 to 390 mg. per 100 ml. 


CASE REPORTS 


Fibrinogen in dysautonomia. The identi- 
fication of central neurogenic fever is espe- 
cially important in patients with dysauto- 
nomia because these patients are also 
particularly prone to respiratory infections. 
The following 6 case reports are of typical 
patients with this syndrome in whom disso- 
ciation of ESR and fibrinogen, i.e., a normal 
plasma fibrinogen value in the presence of 
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an elevated ESR was very helpful. The 
graphs of only 2 cases are reproduced. 

Case No 1. J. R. was a 4-year-old boy with 
typical dysautonomia. He exhibited the un- 
patterned type of temperature elevation 
which we have designated as the athetoid 
type. Fig. 1 represents the course of disease 
for a representative period of 45 days. 

Case No. 2. S. B. was an 18-month-old 
female infant with dysautonomia (Fig. 2). 
The tendency to high “athetoid” temperature 
elevations was particularly marked. During 
the early period of unexplained fever, the 
ESR was considerably elevated while the 
fibrinogen level remained normal. During 
the third week of the hospital stay she de- 
veloped pneumonia; the fibrinogen level rose 
sharply and declined quickly to normal 
when the pneumonic process resolved. The 
ESR continued to be elevated. A second at- 
tack was accompanied by a similar ESR- 
fibrinogen dissociation. 

Case No. 3. K. S. was a girl of 14 years. It 
had been noted since birth that her very fair 
skin blotched easily and that there was an 
absence of lacrimation. She had 12 episodes 
of pneumonia between | and 9 years of age. 
There was a mild degree of mental retarda- 
tion. On admission she had a blood pressure 
of 200/145. The hypertension was quite 
labile and was greatly influenced by posture. 
The diagnosis of pheochromocytoma was 
ruled out by operation. 

Fever was not a prominent feature in this 
patient. She did have slight temperature 
elevations ranging from 100.4° to 101.6° F. 
on 11 occasions including the day after ex- 
ploration for the presence of a pheochromo- 
cytoma when the fever rose to 102° F. Each 
time the ESR remained elevated throughout, 
while the fibrinogen value remained stead- 
fastly normal. 

Case No. 4. M. W. was a 7-year-old boy 
with typical dysautonomia. He was admitted 
in May of a given year with a normal tem- 
perature. In August, during a hot spell and 
with no evidence of infection there began a 
daily temperature rise to 102° F. This febrile 
pattern continued until well into September 
when cool weather intervened. Five ESR 
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Fig. 1. Case No. 1. J. R., 4-year-old male, with dysautonomia. 
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Fig. 2. Case No. 2. S. B., 18-month-old female who had dysautonomia with 


intercurrent pneumonia. 


determinations during the febrile period 
ranged from 30 mm. per hour to 50 mm. per 
hour. The fibrinogen level was normal each 
time. 


Case No. 5. Y. R. was a 2-year-old female 
admitted with dysautonomia. On the third 
day after admission the temperature rose to 
102° F., and on the fourth day it reached 
106° F.; it remained in this range for 3 more 
days when she died. On the first and third 
days of the temperature elevation, the ESR 
was 33, and the fibrinogen value was 354 
mg. per cent. Careful postmortem examina- 
tion revealed no evidence of infection. 

Case No. 6. R. K. was a 19-month-old fe- 
male with dysautonomia. At 6 months of age 
she began to manifest high, irregular, un- 
explained “athetoid” type of temperature. 
In this patient, however, on 7 occasions 
when the temperature was above 102° F., 
both ESR and fibrinogen values were nor- 
mal. Only once when the fever was asso- 


ciated with acute pharyngitis was there a 
moderate elevation of both tests. This is the 
only case in our series of patients with dys- 
autonomia in which despite fever, the ESR 
as well as the fibrinogen level remained nor- 
mal, and there was no dissociation of the 
two. 
Fibrinogen levels in Tay-Sachs and Schil- 
der’s disease. On our Tay-Sachs ward, serial 
fibrinogen determinations are carried out 
routinely to identify fever of central origin. 
Fig. 3 summarizes 3 typical examples. In 
Cases 7, 8, and 9, M. S., A. D., and V. R., 
respectively, there were temperature eleva- 
tions, but no evidence of infection. Although 
the ESR was elevated each time, the fibrino- 
gen values remained within normal limits. 
Case No. 10. J. D. was a patient with 
Schilder’s disease in whom 5 random epi- 
sodes were charted (Fig. 4). The first epi- 
sode showed a period of normal temperature 
with an elevated ESR, a finding not rare in 
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children free of infection.‘ The fibrinogen 
level, however, was normal. This dissociation 
became especially marked when the tem- 
perature rose. Four such episodes are 
charted. Each time, the ESR rose to even 
higher levels, but the fibrinogen level re- 
mained within normal limits. In all these 
instances the febrile reactions were not as- 
sociated with any determinable infection. 

Hydrocephalus, brain tumor, and brain 
trauma. Study of the ESR and the fibrinogen 
level is useful in patients with hydrocephalus 
with or without meningomyelocele. These 
patients are notoriously subject to infections. 
Injection of air or radiopaque material into 
the subarachnoid space may result in tem- 
perature elevations. The presence or absence 
of ESR-fibrinogen dissociation may help in 
deciding whether a given temperature eleva- 
tion is the first sign of infection. Fig. 5 illus- 
trates the data of 3 of 5 patients with this 
condition in whom such studies were found 
very useful. 

Case No. 11. D. S. was admitted for spina 
bifida with meningomyelocele and hydro- 
cephalus. Achromycin, 50 mg. daily, was 
administered prophylactically; there was 
never any evidence of meningeal or respira- 
tory infection. She finally developed diarrhea 
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which lasted for a few days, and then a ter- 
minal bronchopneumonia. Unfortunately 
serial determinations of ESR and fibrinogen 
lapsed during these final few days so that in 
this instance we cannot report the effect of 
the terminal pneumonia on the fibrinogen 
level. 

Case No. 12. L. T. was a 9-year-old boy 
with hydrocephalus. On 2 occasions when the 
child was febrile, the physical examination 
and urinalysis were within normal limits. 
Dissociation of the ESR and the ‘fibrinogen 
level existed each time. 

Case No. 13 S. R. After several bypassing 
surgical procedures for obstructive hydro- 
cephalus had not been successful, it was de- 
cided to treat the patient with repeated sub- 
dural taps. Each procedure was followed by 
a rise in the temperature associated with an 
elevated ESR. However, as long as physical 
examinations, urinalyses, and careful bac- 
teriologic examinations of the dural fluid 
were normal, the fibrinogen levels remained 
within normal limits. The subdural tap on 
the twentieth day was followed by a spiking 
temperature, this time accompanied by an 
elevation of the fibrinogen concentration. 
Culture of the subdural fluid was positive for 
staphylococcus aureus. 
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Fig. 3. Cases Nos. 7, 8, and 9. Isolated febrile incidents in 3 patients with 
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Case No. 14. R. M. was a child with 
meningomyelocele which was successfully re- 
paired on the first day of life. However, he 
developed progressive hydrocephalus and had 
numerous bouts of unexplained fever, rang- 
ing up to 105° F. On 5 occasions, when the 
temperature was well above normal, the ESR 
and fibrinogen were both normal. On the 
sixth occasion there was a rise in temperature 
to 102.5° F. following smallpox vaccination. 
The ESR rose to 25 mm. per hour, while the 
fibrinogen level remained at 354 mg. per 
cent. 

Case No. 15, F. B. was a 2-year-old child 
who fell from a high chair and had severe 
cerebral hemorrhage. On admission to our 
service he had little more than vegetative 
function. He exhibited an “athetoid” fever 
curve but as long as there was no infection 
there was ESR-fibrinogen dissociation. 

Case No. 16. D. C. was a baby with con- 
genital cerebral injury and a tendency to 
have high fever irregularly in the absence of 
infection. There usually was ESR-fibrinogen 
dissociation, but occasionally both tests re- 
mained within normal limits despite high 
fever. 

Case No. 17. This infant had congenital 
cerebral agenesis and a constant moderately 
elevated temperature. On 4 occasions on 
which the tests were performed during such 
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bouts of unexplained fever, both ESR and 
fibrinogen were normal. 

Case No. 18. J. F. was a 9-year-old girl 
admitted after an operation for glioma of the 
brain stem with recurrence and extension 
into the hyothalamus (Fig. 6). She exhibited 
persistent hyperthermia, increasingly fre- 
quent convulsions, and progressive lethargy. 
To test the patency of the cerebrospinal cir- 
culation an injection of albumin I'™* was 
made into one ventricle. There followed a 
period of extremely high “athetoid” type of 
fever. The ESR was constantly elevated, but 
the fibrinogen level was elevated only once, 
2 days after the injection; it remained nor- 
mal thereafter. When, terminally, she de- 
veloped pneumonia, the fibrinogen rose to 
extremely high levels. This occurred despite 
the fact that in the terminal state the pneu- 
monia did not produce fever. 

Fibrinogen levels in Sydenham’s chorea. 
We have included Sydenham’s chorea in this 
study because, although these patients do 
not ordinarily have fever, nor did ours, there 
is still a question whether all such patients 
have a rheumatic infection or whether in 
some the chorea is due to other, possibly 
psychiatric, causes. Efforts to separate 2 
types of chorea on the basis of ESR deter- 
minations have not been successful. These 
patients were studied during clinical investi- 


X FIBRINOGEN --- UPPER FIBRINOGEN LEVEL 
° 


-930 1 106 

m 
103 
Lio2 
F100 ™ 
992 


‘ ° 
98 


123. 123 


Fig. 4. Case No. 10, J. D. Isolated febrile incidents in patient with Schil- 


der’s disease. 


V 
45 
40 
W 4 

o 35 \ 
30 ° 
25 
20 

x 
m 

123 23 
DAYS 
he 


Volume 59 Number 5 


Plasma fibrinogen in neurogenic hypothermia 


HYDROCEPHALUS 


679 


© CORRECTED ESR 
x FIBRINOGEN 840 
+— TEMPERATURE 
--- UPPER FIBRINOGEN LEVEL 
-660 


+570 
480 
+390 
300 
210 


-840 
+ 750 2 
+660 @ 
m 

570 z 
+ 480 


390 


L300 


-840 


- 750 
- 660 
570 
480 
390 
- 300 
F210 


POS.* 
STAPH. AUR 


Fig. 5. Cases Nos. 11, 12, and 13. Hydrocephalus. Case S. R., intercurrent 
staphylococcal meningitis. 


gation of the value of cortisone in the treat- 
ment of this disease. Our group included 5 
children with typical Sydenham’s chorea in 
whom careful study, including serial electro- 
cardiograms and extensive follow-up, re- 
vealed no evidence of rheumatic infection. 
All patients received Meticorten therapy. As 
is usually the case, these children manifested 
no fever except occasionally as a “rebound” 
phenomenon when hormonal treatment was 
withdrawn. Serial ESR and fibrinogen deter- 
minations were performed. 

Case No. 19. P. R. was a 12-year-old girl 
admitted with a recurrence of chorea 5 years 
after a previous attack (Fig. 7). She had no 
evidence of cardiac abnormality during the 
hospital stay. She was given Meticorten, 100 


mg., daily. There was a rapid reduction in 
abnormal movements. The temperature was 
normal throughout until the cortisone was 
discontinued on the tenth hospital day. She 
then suffered a rebound and the tempera- 
ture became elevated to 103° F. The ESR 
determinations prior to this time were con- 
sistently elevated, while the fibrinogen level 
was consistently normal. When the tempera- 
ture rose on withdrawal of the Meticorten 
the sedimentation rate rose even higher than 
before and continued high for weeks. The 
fibrinogen value increased only slightly and 
then dropped to normal within 2 days. 

Case No. 20. M. M. was an 11-year-old 
girl with chorea. Examination revealed a 
faint systolic murmur at the apex, but re- 
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Fig. 6. Case No. 18, J .F. Brain tumor; terminal pneumonia. 


peated electrocardiograms were normal and 
there was no clinical evidence of rheumatic 
infection. At a visit to the follow-up clinic 
some months later the same murmur was 
present, but there was no other indication of 
cardiac or rheumatic involvement. She did 
display evidences of marked psychologic in- 
stability. Improvement on Meticorten was 
dubious, and she remained on the ward for 
4 months. The temperature hovered between 
98° F. and 100° F. throughout the stay. A 
total of 51 ESR and a similar number of 
fibrinogen determinations were performed. 
The former varied from normal and moder- 
ate rates to high elevations. The fibrinogen 
levels were normal except for 6 moderate 
elevations to between 426 and 489 mg. per 
cent. 

Case No. 21. J. P., an 11-year-old girl, was 
admitted with chorea. She displayed definite 
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psychic disturbances before and during the 
hospital admission. At no time was there any 
evidence of cardiac involvement or any other 
signs of rheumatic infection. She was placed 
on Meticorten 10 days after admission, and 
this treatment was continued for a period of 
2 months, but the therapeutic result was un- 
satisfactory. The temperature on admission 
was normal and remained so until the day 
after the administration of Meticorten was 
discontinued, when it rose to 101° F. for 2 
days. However, at the same time she de- 
veloped a urinary tract infection, which was 
treated with sulfisoxazole acetyl. While the 
temperature elevation may have been due to 
the rebound following withdrawal of hor- 
monal therapy or to the urinary infection, 
another increase to 101° F. 2 weeks later 
was definitely due to a recrudescence of the 
urinary tract infection. 
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Fig. 7. Case No. 19, P. R. Sydenham’s chorea; corticosteroids withdrawn 


on eighth day. 
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ESR and fibrinogen determinations were 
obtained every 2 or 3 days; both were within 
normal limits until 2 days after discontinu- 
ance of the Meticorten therapy. Subse- 
quently the ESR rose during each febrile 
period, whereas the fibrinogen level re- 
mained within normal limits. We have noted 
before that while a mild urinary infection 
may cause an elevation of the ESR, the 
fibrinogen value usually remains within nor- 
mal limits.® 

Case No. 22. K. K. was a 10-year-old girl 
with chorea. There was no cardiac involve- 
ment at any time. She was treated with hy- 
drocortisone which was discontinued with 
no rebound elevation of temperature but 
there was nevertheless a rise in ESR. The 
fibrinogen value remained within normal 
limits during this rebound. The temperature 
was normal throughout except for an occa- 
sional rise to 101° F. The erythrocyte sedi- 
mentation rates were often normal, usually 
slightly elevated, and accelerated to 40 mm. 
per hour on 19 occasions. The fibrinogen 
value rose to 462 mg. per cent once and was 
well within normal limits on all other occa- 
sions. 

Case No. 23. F. S. was a 12-year-old girl 
with chorea. There was no cardiac involve- 
ment. The temperature was virtually normal 
throughout the observation. The ESR was 
slightly accelerated only once, to 24 mm. per 
hour but the fibrinogen value was only 264 
mg. per cent. In 10 additional determina- 
tions both the ESR and fibrinogen values 
were within normal limits. 


DISCUSSION 


It is generally agreed on experimental as 
well as clinical grounds that injury to certain 


areas of the brain produces temperature ele- 
vations indistinguishable from those result- 
ing from infection. In an era when children 
with severe and diffuse brain involvement 
can survive for years, the need to distinguish 
between noninfectious, neurogenic fever and 
fever due to infection arises frequently. 

The ESR is not a reliable index of infec- 
tion. Statistical studies of Hollinger and Rob- 
inson* demonstrate that a single Wintrobe 
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report of 30 mm. per hour should be inter- 
preted as any value between 25 and 35 mm. 
per hour. A subsequent report of 25 mm. per 
hour could, therefore, be interpreted as a 
drop of 15 mm. per hour or equally well as 
no change. To obtain a valid difference of 
1 mm. per hour it would be necessary to do 
11 tests each day on each patient. Further- 
more, while the ESR in healthy children may 
vary from 0 to 20 mm. per hour, 5 to 10 per 
cent of apparently well children may have 
above “normal” values. Finally, they re- 
ported that 30 ESR determinations made on 
one sample of blood by the same method 
gave variable results. Comparative readings 
by the 3 generally accepted methods may 
show variations of as much as 5 mm. per 
hour. 

The lack of reliability of the ESR results 
largely from the fact that although the 
fibrinogen concentration of the plasma is the 
chief factor influencing the settling of the red 
blood cells,* secondary components also in- 
fluence their suspension stability; these in- 
clude the various cholesterol," 
the viscosity of the plasma,’* ** the size of 
the red blood cells,** ** the volume of packed 
red _ cells,» * and the electrostatic 
charges of the proteins and of the red blood 
cells.17 Thus, a method would offer a dis- 
tinct clinical advantage if it were to deter- 
mine only the predominant factor involved 
in the ESR, namely, the fibrinogen content 
of the plasma. 

The plasma fibrinogen did not rise in 
several cases with Tay-Sachs disease, and 
one child with Schilder’s disease, and in one 
baby suffering from cerebral necrosis follow- 
ing brain injury. 

Five cases of Sydenham’s chorea were in- 
cluded in this study not because fever is 
characteristic of this disease but because the 
relationship of it to rheumatic infection is 
not well understood. While many pediatric 
textbooks assume that Sydenham’s chorea is 


. a manifestation of rheumatic infection?” 


other texts** and some authors** consider the 
relationship of both conditions as an open 
question. Kagan,** after re-evaluating stud- 
ies on over 6,500 cases, found that the rela- 
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tionship between rheumatic infection and 
chorea, generally based on the existence of 
other rheumatic manifestations, was not con- 
clusive, and that some patients suffered from 
chorea of nonrheumatic origin. He found the 
ESR to be of value in differentiating the 
rheumatic from the nonrheumatic type. 

We have already shown that in rheumatic 
fever the plasma fibrinogen level is a true in- 
dex of the severity of the infection; it rises 
during the acute phase and subsides promptly 
thereafter.” Furthermore, when the fi- 
brinogen level decreases to normal values, it 
tends to remain so except during subsequent 
infections. On the other hand although the 
ESR is usually increased during active rheu- 
matic infection, constant or sporadic eleva- 
tions tend to be manifested long after sub- 
sidence of the clinically active phase. In this 
small series of patients with chorea of the 
Sydenham type, the lack of cardiac involve- 
ment in all and the presence of psychiatric 
factors in 2, led us to suppose that the 
disease was not rheumatic in origin. The 
normal fibrinogen levels tended to support 
this assumption. 


SUMMARY 


This study was designed to compare the 
erythrocyte sedimentation rate (ESR) and 
the plasma fibrinogen level as guides in dif- 
ferentiating fever of noninfectious central 
nervous system origin from that produced by 
infection. For this purpose, serial determina- 
tion of the ESR and fibrinogen was carried 
out in 24 patients with various types of brain 
involvement, such as dysaoutonomia, Tay- 
Sachs disease and Schilder’s disease, chorea, 
and hydrocephalus. 

In no instance was a high plasma fibrino- 
gen level maintained in the absence of in- 
fection. A normal fibrinogen concentration 
would seem to indicate a central origin for 
an elevated temperature regardless of 
whether there is an acceleration of the ESR. 
It is believed that serial determinations of 
the plasma fibrinogen concentration may 
serve as a useful tool in distinguishing fever 
of noninfectious central nervous system ori- 
gin from that due to infections. 
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Liver diseases and osteoporosis in children 


I Clinical observations 


Ching Tseng Teng, M.D.,* C. William Daeschner, Jr., M.D., 


Edward B. Singleton, M.D., Harvey S. Rosenberg, M.D., V. William Cole, M.D., 


Leighton L. Hill, M.D., and James C. Brennan, M.D. 


HOUSTON, TEXAS 


OsTEOPOROSIS is a common metabolic 
bone disease in the aged. Its incidence in 
chileren, however, is not known. Although 
its association with liver diseases is well rec- 
ognized,'* detailed reports of actual cases 
are conspicuously few in number in the pe- 
diatric age group. Severe osteoporosis has 
been reported in | case of glycogen storage 
disease,* 3 cases of hepatic carcinoma,” ° 
and | case of cirrhosis.* In Cocchi’s series on 
hepatogenic osteoporosis, there were only 2 
infants with rickets among 27 of his pa- 
tients and 62 cases collected from the litera- 
ture." This paucity of reports is at variance 
with our observations (Table I). 

Our interest in the problem of osteoporo- 
sis in infants and children stemmed from 
our observations of a 24-year-old girl who 
had severe osteoporosis and marked growth 
retardation in association with primary 
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hepatoma. After the tumor was successfully 
removed, the osteoporosis rapidly improved 
and the growth in general spurted to nor- 
mal. In a study of 8 other cases of primary 
hepatic tumors from our hospitals we found 
5 more patients with osteoporosis, and sev- 
eral of these children showed improvement 
following hepatolobectomy. We then ex- 
tended our study to 7 cases of glycogen 
storage disease and 10 cases of chronic 
hepatitis; and in each series approximately 
two thirds of the children were found to 
have generalized osteoporosis; and certain 
other atrophic changes also occurred in 
many of them (Table I). 

In the latter groups there were also cases 
showing improvement of osteoporosis when 
the liver disease was improved. 

These observations lead us to believe that 
a deficit of protein resultant from hepatic 
dysfunction may be responsible for the de- 
velopment of osteoporosis in these children. 
The coincidence of muscle atrophy and 
growth retardation lends support to the 
thesis. 


This report will present the clinical and 
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laboratory data and discuss the possible 
pathophysiologic mechanism by which a 
deficit of protein may occur in each type of 
liver disease. A discussion of the hypothesis 
that hepatogenic osteoporosis and other 
atrophic changes represent a compensatory 
mechanism whereby more serious symptoms 
of protein deficiency are prevented or de- 
layed will be presented in a subsequent 
paper. 
I. GLYCOGEN STORAGE DISEASE 


Five types of glycogen storage disease are 
now recognized. In this report we are con- 
cerned with the classical type only which 
was first described by von Gierke in 1929.* 

The clinical and biochemical changes of 
hepatorenal glycogenosis have been well doc- 
umented.*'* There are considerable varia- 
tions in the severity of the disease and the 
prognosis of life expectancy which depend 
largely upon the degree of enzyme deficit. In 
those who survive to childhood or adult- 
hood, growth retardation and dwarfism are 
common. The occurrence of osteoporosis in 
these patients, however, has rarely been re- 
corded.* 

In 7 children with von Gierke’s disease 
we have found varying degrees of osteoporo- 
sis, growth retardation, and muscle and skin 
atrophy in 6 cases. 

General observations. There were 6 boys 
and 1 girl in this series. Their ages ranged 
from 3 months to 3 years at the time of di- 
agnosis, and from 4 months to 12 years at 
the time of the last follow-up. 

Four of the 7 patients were within the 
first year of life when last seen at the Texas 
Children’s Hospital. Even at this early stage 
of the illness, all but 1 of these infants 
showed definite evidence of osteoporosis or 
growth failure. The periods of observation 
of these infants were too short to forecast 
with any certainty what the future may hold 
for them. 

Of the other 3 patients, a 4-year-old child 
(Case 1), who had the most severe disease 
of the entire group, showed very marked 
osteoporosis and muscle wasting, was se- 
verely retarded mentally, and was bedriden 
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all his life. He had been moribund from 
hypoglycemic and acidotic episodes innu- 
merable times since the age of 2 months. 
The prognosis appears hopeless (Fig. 1). 

At the other end of the spectrum were 2 
brothers (Cases 6 and 7), aged 12 and 6 
years, whose disease was relatively mild. 
They have been reasonably well. Although 
they have had hypoglycemia, acidosis, hem- 
orrhagic episodes, and various types of in- 
fection on a number of occasions, they have 
responded to appropriate treatment. The 
mental development has been normal. The 
physical growth, however, was moderately 
retarded; the stature being roughly that of 
boys half their age. The bones were mod- 
erately osteoporotic, the muscles poorly de- 
veloped, the skin delicate and thin (Fig. 2). 
These observations are summarized in Table 
II. 

Hepatomegaly and liver function studies. 
Moderate to marked hepatomegaly was 
found in all seven patients. In Case 1 the 
progression of hepatic enlargement from 
2 to 3 cm. to 8 to 10 cm. below the costal 
margin was noted in the course of 2 months 
after the onset of symptoms. 

The liver function studies were not as 
complete as one would desire. Nonetheless, 
the results (Table III) clearly indicated 
that some impairment of liver function was 
present in most of our cases. The serum pro- 
tein concentration showed no significant al- 
teration in 3 of the 4 cases in whom this 
was determined. A definite decrease in se- 
rum albumin level and a reversal of the 
albumin-globulin (A/G) ratio were ob- 


Table I. Incidence of osteoporosis in liver 
diseases in children 


Glycogen | Primary | Hepatic 
Disorders storage | tumors | cirrhosis | Total 


Total 7 9 10 26 
Osteoporosis 6 6 7 19 
Growth re- 
tardation 6 1 3 10 
Weight loss 3 4 7 
Hepatic im- 
pairment 7 1 10 18 
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served in Case 1 in whom marked osteo- 
porosis and growth retardation were prom- 
inent findings. Hyperlipemia was a frequent 
observation. 

Hypoglycemia and acidosis. Fasting hy- 
poglycemia (varying from 5 to 40 mg. per 
cent) was noted in all cases. In Case 1 med- 
ical attention was first sought because of 
coma and generalized seizures. 
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Acidosis was observed in 5 patients, and 
ketonuria was recorded in 4. In Case 1 these 
episodes occurred so frequently that the 
mother had learned to bring the child 
promptly to the emergency clinic where ap- 
propriate therapy usually sufficed to control 
the incipient symptoms and thus aborted 
the development of more serious manifesta- 
tions on many occasions. 


if 


Case |. V.A.S. 
Glycogen Storage Disease 
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Fig. 1. Case 1. Marked retardation of growth. Irregular pattern of weight 
gain or loss largely attributable to state of hydration at the time of visit. 
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Epinephrine and glucagon tolerance tests. 
Epinephrine and/or glucagon studies were 
performed in all of our patients. In every 
instance a flat curve was obtained. This is 
shown in Fig. 3. 

Liver biopsy. Biopsy of the liver was per- 
formed in 5 of the 7 patients. In all biopsy 
specimens the liver cells were enlarged with 
abundant clear cytoplasm filled with glyco- 
gen (Fig. 4). Quantitative enzyme study of 
the tissue removed was not available. 

Osteoporosis. The frequent occurrence of 
osteoporosis, muscle, and skin atrophy, and 
general growth retardation in our patients 
have already been alluded to (Table I). 
The demonstration of multiple transverse 
linear densities in the shafts of long bones 
in the older children (Fig. 5) is of interest. 
They represent periodic disturbances of 
bone growth, and the intervening normal 
bone is evidence of resumption of growth 
during periods of improvement. 

The values for serum calcium and phos- 
phorus such as available in a few patients 
were close to the lower limits of normal. 
They are difficult to evaluate in view of the 
presence of acidosis and aciduria. The nor- 
mal serum alkaline phosphatase levels in 
these patients, however, are reassuring that 
rickets need not be considered seriously. 


II. PRIMARY HEPATIC TUMORS 


Primary tumors of the liver in infancy 
and childhood occur in a variety of an- 
atomic and histologic forms.’® Of the paren- 
chymal forms, which are most common, 2 
types predominate: (A) liver cell or embry- 
onal carcinoma with malignant characteris- 
tics and early metastasis, and (B) primary 
hepatoma with benign features and often 
rich glycogen stores. Their occurrence at an 
early age and the extreme rarity of pre- 
existent cirrhosis suggests that they are dif- 
ferent from adult hepatomas. 

The reported incidence of simple ‘oste- 
oporosis in children with primary hepatic 
tumors has been extremely rare.* ° 

In 9 children with primary hepatic tu- 
mors we have found 6 with osteoporosis. 
One child (Case 8) had also severe re- 
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Fig. 2. Cases 6 and 7. Two siblings, aged 12 and 
6 years, respectively. Weight and height of each 
considerably below normal average. Note prom- 
inent abdomen due to hepatomegaly and nephro- 
megaly, and smallness of musculature, especially 
of lower extremities. 


tardation of growth in addition to marked 
osteoporosis; she made a remarkable recov- 
ery after the removal of the tumor. The 
case history follows. 

Case report. Case 8. L. L. was a 30- 
month-old white girl. She was admitted to 
the pediatric service of the Jefferson Davis 
Hospital on March 1, 1957, with the chief 
complaint of refusal or inability to walk fol- 


lowing a minor fall. She had been sickly 


and slow in growth for about a year. She 
had been born at term of healthy parents 
after an uneventful pregnancy, labor, and 
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Table II. Glycogen storage disease: General observations 


Signs of protein deficit 


Age at Age Presenting Growth and | Muscu- | Osteoporo- 
Case| Patient | diagnosis| last seen symptoms development | lature sis Skin 
1 V.A.S. 4months 4years Coma, convul- Severely re- Very Very marked Very deli- 
sions, acidosis tarded poor cate 
2 D.A.R. 6months 6 months Slow gain Retarded Poor Very marked 
3 M.A.L. 5months 12 months Slow gain, ab- Retarded Poor Moderate 
dominal en- 
largement 
4 B.C.K. 4months 5 months Liver enlargement Retarded Poor Mild 
5 M.C. 4months 5months Abdominal mass Normal Normal None Normal 
6 J.M. 3years 12years  Liverenlargement Retarded Poor Moderate Delicate 
7 B.M. 3months 6years Hypoglycemia Retarded Poor Moderate Delicate 


Table III. Glycogen storage disease: Hepatomegaly and hepatic function studies 


Prothrombin Thymol Serum 
A/G concentration turbidity Serum lipid cholesterol 
Case | Hepatomegaly (Gm. %) % control (units) (mg. %) (mg. %) 
1 Marked 2.6/3.8 17 8.1 1783 334 
2 Marked 4.4/2.3 - 12.6 5833 286 
3 Marked 4.6/2.5 - 19.8 - - 
+ Marked 3.5/4.0 100 - (Milky) 920 
5 Marked - ~ 7.7 837 286 
6 Moderate - * - 
7 Moderate - ° - - 


*Frequent epistaxis. 


Table IV. Primary hepatic tumors: General and skeletal status before and following 
removal of hepatic tumor 


Preoperative status Operation Follow-up status 
Case General | Skeletal | Date Procedure Diagnosis Date | General | Skeletal 
8 Hepatomegaly Marked May 22, Right Primary benign May 20, Thriving Normal 
osteoporosis 1957 lobectomy hepatoma 1960 
9 Hepatomegaly Marked July 18, Right Primary benign July 22, Thriving Normal 
Malnutrition osteoporosis 1958 lobectomy hepatoma 1960 
10 Hepatomegaly Moderate Dec. 5, Right Primary benign July 15, Thriving Normal 
osteoporosis 1955 lobectomy hepatoma 1959 
11 Hepatomegaly Mild June 6, Right Primary hepa- Feb. 15, Thriving ~ 
osteoporosis 1956 lobectomy toma: 1960 
?malignant 
12 Hepatomegaly Moderate Dec. 13, Right Primary benign Mar. 15, Thriving ~ 
osteoporosis 1955 lobectomy hepatoma 1960 
13. Hepatomegaly Normal Mar.7, Incomplete Primary benign Mar.7, Died ~ 
Repeated URI 1955 resection, hepatoma: 1955 
P right lobe necrosis, 
bleeding 
14 Hepatomegaly Normal Oct. 24, Left Embryonal car- Nov. 15, Died - 
1957 lobectomy cinoma 1957 
15 Hepatomegaly Marked Sept. 10, Biopsy right Embryonal car- Sept.23, Died - 
Splenomegaly osteoporosis 1958 lobe cinomainop- 1958 
operable 
16 Hepatomegaly Normal July 14, Right Embryonal car- July 14, Died - 
. 1958 lobectomy cinoma 1958 
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Table V. Hepatic cirrhosis: General observations 


Case | Patient 


Age at 


Sex | onset 


Age 
last 
seen 


Febrile 
episode 
and 
weakness 


Corticosteroid 
therapy 


Present status 


17 
18 
19 
20 
21 


= 
4 


Pen 


22 
23 
24 


25 
26 


Sr 


10% 


5 
14 
13 
19 


12 
16 
14 


17 
12 


oo ooo ooo! 


None 

On and off 

5 months 

9 months 

6 years, none 
for 1 year 

8 months 

None 

6 weeks 


5 weeks 
None 


Active progressive disease 
Died: pneumococcal sepsis 
Improved: going to school 
Improved: going to school 
Symptomatic improvement 
Recent fracture of femura 
Slow deterioration 
Died: hemorrhage, jaundice 
Died: hemorrhage and staphy- 
lococcal sepsis 
Died: hemorrhage and coma 
Active progressive disease 


Table VI. Hepatic cirrhosis: Results of liver function studies 


Albumin 


Globulin 


Gamma 
globulin 
(Gm. %) 


Cephalin- 
cholesterol 
floccula- 
tion 


Thymol 
turbidity 
(units) 


Prothrom- 
bin 


(%) 


Alkaline 


BSP 
(%) 


Bilirubin 
(mg. Yo) 


P-tase 
B.U. 


3.2 (5)* 
4.0 (9) 
3.1 (8) 
2.6 (5) 
1.7 (11) 
2.1 (10) 
2.5 (5) 
2.9 (2) 
2.7 (9) 
2.6 (3) 


2.6(5) 
3.7 (9) 
5.5 (8) 
6.5 (5) 
4.4 (11) 
5.4 (10) 
6.6(5) 
3.6 (2) 
4.6 (9) 
9.0 (3) 


1.6 (7) 
3.4 (8) 
7.4 (2) 
2.2 (2) 
6.0 (3) 


2.2 (1) 
7.0 (1) 


4+ (1) 
2+ (1) 
2+ (2) 
3+ (6) 
3+ (8) 
4+ (7) 
4+ (2) 
4+ (2) 
4+ (5) 
4+ (2) 


5.0 (5) 
9.6 (2) 
6.8 (2) 
14.5 (7) 
12.5 (8) 
11.7 (10) 
18.9 (6) 
5.5 (2) 
16.2 (4) 
17.2 (2) 


85 (4) 
76 (1) 
90 (1) 
69 (3) 
75 (3) 
33 (15) 
22 (4) 
55 (3) 
57 (3) 
51 (7) 


12.1 (1) 
3.7 (2) 
2.2 (1) 
3.4 (3) 
17.5 (5) 
15.2 (1) 
24.0 (2) 
13.7 (2) 
13.9 (6) 
4.1 (3) 


3.7 (5) 
2.0 (3) 
0.3 (1) 
1.8 (1) 
1.2 (2) 
10.6 (4) 
7.8 (4) 
1.4 (3) 
3.9 (7) 
12.8 (4) 


14.5 (3) 
5.0 (1) 
0.0 (1) 
15.2 (1) 
0.0 (1) 
36.1 (4) 
38.0 (2) 
31.8 (2) 


*Numerical figure in parentheses represents 


of deter i 


Table VII. Hepatic cirrhosis: Osteoporosis and nutritional status* 


from which average result is calculated. 


Case 


Osteoporosis 


Weight 
(lb.) 


Height 
(inches) 


Nutritional 
status 


Remarks 


16 


14 
17 
12 


24 
25 
26 


Moderate 
Moderate 
Mild 


Moderate 


Marked 
None 
Moderate 
None 


None 
Mild 


25 
(1% years) 
35 


(3% years) 
78 
(108) 


79 
(98) 


56 
(8 years) ¢ 
153 


105 
130 


114 
78 


35% 
(2 years) 


39 Very poor 


(4 years) ¢ 
59 Poor 


62 Poor 


52% 
(9 years) t 
65 Normal 
57 Poor 
65 
65 
58 


Normal 
Normal 
Normal 


Very poor 


Extremely poor 


No steroid therapy 


No change with steroid 
therapy 

Rapid gain to 106 
pounds in 6 months 
with steroid therapy 

Rapid gain to 114 
pounds in 5 months, 
with steroid therapy 

Occurred before steroid 
therapy 

Cushingoid with steroid 
therapy 

No change with steroid 
therapy 


Recent loss of weight 


*Observations prior to institution of steroid therapy. 
tAge with 50th percentile weight and height corresponding with those of the patient. 
tNormal weight for 50th percentile at patient’s age. 


— 
Menses 
2 - + 
2 
12 2+ 
11 2+ 
10 4+ 
11 + 
7 3+ 
12 + 
14 2+ 
| i 2+ 
17 
18 
19 
21 
22 
23 
24 
25 - 
18 
9 
22 12 
23 
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delivery. The birth weight was 6/3 pounds. 
The dietary history was satisfactory. The 
developmental milestones up to the age of 
18 months were within expected ranges. 
She weighed 19% pounds then, but gained 
only | pound in the next 12 months. There 
was no history of gastrointestinal disorder, 
urinary tract infection or other serious child- 
hood diseases. 

Physical examination showed a poorly de- 
veloped, undernourished, pale, irritable, and 
sickly looking child. The height of 32 inches 
and weight of 20% pounds were consider- 
ably below normal standards and corre- 
sponded with the 50th percentile for the 
age of 18 and 12 months, respectively. The 
hair was thin and lusterless, nails soft and 
poorly developed. The skin was delicate and 
the musculature small and weak. The head 
and chest organs were essentially negative. 
The abdomen was roundly protuberant. The 
liver was moderately enlarged, firm, non- 
tender, smooth, round edged, and extended 
6 cm. below the right costal margin to the 
iliac crest. The spleen and kidney were not 
palpable. The neurological findings were 
normal. 
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Radiographic findings. A large hepatic 
mass and severe generalized osteoporosis 
were demonstrated before the operation 
(Figs. 6, A and 7, A). 

Laboratory studies. The serum calcium, 
phosphorus, and alkaline phosphatase were 
normal. The urinary excretion of calcium 
and phosphate was decreased. The serum 
protein concentration and other indices of 
liver function were within normal ranges. 
There was no serious anemia. The urinalysis 
was negative. A bone biopsy showed no evi- 
dence of increased osteoblastic or osteo- 
clastic activity, and the histologic findings 
were consistent with osteoporosis. The glu- 
cagon and epinephrine tests showed poor 
response before operation, normal response 
after the removal of the tumor (Fig. 8). 

Surgical treatment and postoperative fol- 
low-up. Exploratory laparotomy was carried 
out May 21, 1957, and a large tumor of 
the right lobe of the liver was found. Right 
hepatolobectomy was performed the next 
day. The pathologic diagnosis was benign 
hepatoma almost completely replacing the 
right lobe of the liver (Fig. 94). Micro- 
scopically the tumor cells were laden with 


8 


BLOOD SUGAR RESPONSE TO EPINEPHRINE 
AND GLUCAGON STIMULATION 


gg 


BLOOD SUGAR MG. % 


EPINEPHRINE—— 
GLUCAGON ---- 


TIME IN MINUTES 


Fig. 3. Glycogen storage disease. Results of epinephrine (solid curves), and 
glucagon (dotted curves) tests. All studies were performed under fast- 
ing condition. Note the extent of hypoglycemia and the lack of response 
to epinephrine or glucagon stimulation. Epinephrine (0.01 to 0.03 ml. of 
1:1000 solution per kilogram) was given intramuscularly and glucagon 
(4 mg. per kilogram) intravenously at zero time after fasting blood sample 


was drawn. 
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glycogen (Fig. 9B). Histologically this is 
quite similar to glycogen storage disease 
(Fig. 4). The immediate postoperative course 
was stormy with many complications. But the 
patient recovered and went home improved 
in July, 1957. She has been followed regu- 
larly in the outpatient clinic. The osteoporo- 
sis gradually disappeared (Figs. 6, B and 
7, B), and the general condition improved. 
When last seen in May, 1960, she stood 42 
inches tall and weighed 40 pounds, both 
measurements were normal for her age. The 
progress of the growth and development is 
shown in Fig. 10. 

The observations on the entire group of 
children with primary hepatic tumors are 
presented below. 

General observations. There were 6 girls 
and 3 boys in the series. Their ages ranged 
from 12 to 57 months with a mean of 28 
months at the time of diagnosis. Massive 
hepatomegaly was present in all. Six patients 
were asymptomatic; 4 were described as 
healthy, happy, active, and alert. The he- 
patic mass was discovered incidentally by 
the pediatrician during routine examination 
in 3 and by the parents because of unusual 
prominence of the abdomen in 3 other chil- 
dren. One child was seen for repeated up- 
per respiratory infection and another for 
inability to walk; in both instances the 
hepatic tumor was found incidentally. Only 
one child had serious symptoms clearly ref- 
erable to the liver disease. 

Osteoporosis. Generalized osteoporosis was 
demonstrated in 6 of the 9 children. Of 
these 3 showed improvement following re- 
section of the tumor (Fig. 11); 2 are living 
in good health but have had no follow-up 
X-ray examination; and 1 died shortly after 
operation. These observations are summar- 
ized in Table IV. 

Laboratory findings. Some lowering of he- 
moglobin concentration was found quite fre- 
quently, the values ranged from 5.5 to 13.0 
Gm. per cent with a mean of 10.0 Gm. per 
cent. 

The liver function tests only rarely showed 
decidedly abnormal values. In one patient 
with extensive necrotic embryonal carcinoma 
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= 

Fig. 4. Case 1. Liver biopsy. Note large liver cells 
with bundant clear cytoplasm filled with glycogen. 
(Hematoxylin and eosin. Original magnification 
x130.) 


completely destroying the entire right lobe of 
the liver, there was elevation of serum bili- 
rubin (1.6 to 5.0 mg. per cent), increase in 
thymol turbidity (14 to 19 units), positive 
cephalin-cholesterol flocculation, and severe 
anemia (5.5 Gm. per cent). The total serum 
protein and the A/G ratio were within nor- 
mal limits in 4 patients, and the prothrom- 
bin and alkaline phosphatase activities were 
not remarkably altered in 3 patients in whom 
these studies had been done. 

It would appear that despite the destruc- 
tion and replacement of a considerable por- 
tion of normal liver by hepatoma or car- 
cinoma, the functional indices tested were 
for the most part not significantly abnormal. 
These observations are indicative of the re- 
markable functional reserve of the liver. It 
seems conceivable, however, that the mani- 
fest normalcy might have been made pos- 
sible only at the expense of other organs, 
such as bone and muscle which sustained 
atrophic changes. 


1 
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Fig. 5. (A) Case 6, aged 12 years, and (B) Case 7, aged 6 years. Mod- 
erate osteoporosis with slight bowing of tibia and fibula. Note transverse 


lines of growth disturbance. 


III. HEPATIC CIRRHOSIS 


In chronic hepatitis with or without post- 
necrotic cirrhosis, serious impairment of 
hepatocellular function and disturbance of 
protein metabolism are apt to occur. Al- 
though growth retardation, muscle atrophy, 
anemia, hypoproteinemia, and other defi- 
ciency symptoms are well known in chronic 
hepatic cirrhosis,* ** '’ osseous lesions, their 
nature, and frequency are less well appreci- 
ated and rarely documented. This is es- 
pecially true of osteoporosis in children with 
chronic hepatitis and postnecrotic scarring.* 

In our hospitals we have seen 10 children 
with chronic hepatitis, of whom 9 had post- 
necrotic cirrhosis. In all but one (Case 21) 
of these patients the diagnosis was estab- 
lished by microscopic examination. Seven of 
these children showed osteoporosis and other 
manifestations of growth disturbance. 

General observations. There were 2 boys 
and 8 girls in the series. At the time of on- 
set, each boy was 2 years and the girls from 
7 to 14 years of age. The onset was insidious 
in all except Case 24, and the duration of 


the disease up to the time of last follow-up 


A B 


Fig. 6. Case 8. A, April, 1957, severe osteoporosis 
before hepatolobectomy for primary hepatoma. 
B, May, 1960, improvement of osteoporosis fol- 
lowing complete removal of tumor. 
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B 


Fig. 7. Case 8. A, February, 1957, severe osteoporosis of vertebral column 
before hepatolobectomy. B, November, 1958, improvement of osteoporosis 
following removal of hepatoma. 


varied from 1 to 9 years. One boy (Case 18) 
has died of fulminating pneumococcal sep- 
sis at 4% years of age, 3 girls (Cases 23, 24, 
and 25) have died of massive hemorrhage 
and hepatic insufficiency after 9, 2, and 3 
years of illness, respectively. All patients had 
febrile episodes. None of the girls had me- 
narche. Several patients received corticoster- 
oid therapy with varying degrees of symp- 
tomatic improvement. This information is 
shown in Table V. 

Liver biopsy. Biopsy of the liver was car- 
ried out in 9 patients; 8 of these showed 
postnecrotic scarring with varying degrees 
of acute and/or chronic hepatic inflamma- 
tion. Plasma cell infiltration varied in in- 
tensity from case to case. The portal pres- 
sure was increased (160 to 420 mm. water) 
in 5 cases in whom it was directly measured 
at laparotomy for liver biopsy. In Case 17, 
normal histology was found when the liver 
biopsy was obtained shortly after the onset 
of the disease; but chronic hepatitis was 
evident at postmortem examination 22 years 


later. In Case 21 a liver biopsy was not ob- 
tained; however, the diagnosis of severe 
hepatic cirrhosis was unquestioned on the 
basis of clinical and laboratory findings. 
Symptoms and signs. Hepatomegaly and 
splenomegaly of varying degrees were quite 
constant findings. Clinical icterus varied in 
intensity in 8 and was absent in 2 patients; 
the serum bilirubin concentrations are 
shown in Table VI. Ascites was present in 
5 patients. Marked esophageal varicosity 
was demonstrable in 2 patients; both had 
massive bleeding. Of 3 patients in whom 
the demonstration of esophageal varices was 
inconclusive, 2 had severe hemorrhages. 
Moderate to severe anemia was observed in 
all 10 patients. Blood loss from esophageal 
varices and from repeated epistaxis were 
responsible for the anemia in 7 and a 


_ hemolytic process in 1 other patient. 


Liver function studies. Moderate to 
marked decrease in serum albumin with 
lowered or reversed A/G ratio was found 
in all patients. The concentration of gamma 
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Fig. 8. Case 8. Response to epinephrine and glu- 
cogen tests before and after removal of primary 
hepatoma. Poor preoperative response to both 
tests indicative of glucose-6-phosphatase deficiency 
in glycogen-laden tumor cells (see Fig. 9). 


globulin was consistently increased, exceeding 
7 Gm. per cent in 2 patients (Cases 20 and 
26). Positive cephalin-cholesterol flocculation 
tests were observed in all but 1, and an 
elevated thymol turbidity in 7 cases. The 
prothrombin activity was decreased in 6 pa- 
tients; as a rule the response to vitamin K 
therapy was poor. The serum alkaline phos- 
phatase activity was slightly above normal 
in 3, markedly elevated in 1, and within 
normal limits in 6 patients. The serum bili- 
rubin concentration was below 1 mg. per 
cent in only | patient, and above 10 mg. 
per cent in 2 cases. The BSP test showed 
abnormal retention in 4 of 7 patients so 
studied. On the whole these studies revealed 
moderate to severe impairment of hepato- 
cellular functions in all 10 patients of the 
series (Table VI). 

Osteoporosis and nutritional status. Os- 
teoporosis was present in 7 of the 10 pa- 
tients (Table VII). It was considered se- 
vere in 1, moderate in 4, and mild in 2 cases 
(Figs. 12 and 13). . 

It is significant that at least 1 patient 
(Case 19) showed improvement of the osteo- 
porosis (Fig. 13) which accompanied im- 
provement of the liver function and the 
general condition as evidenced by increase 
in weight, strength, and well-being following 
judicious use of corticosteroid therapy. 
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The serum calcium and inorganic phos- 
phorus concentrations were within normal 
range in 5 patients including 3 cases with 
osteoporosis and were not determined in the 


Fig. 9A: Case 8. Gross surgical specimen of pri- 
mary hepatoma. The well-encapsulated tumor, 
12.5 by 11.0 by 6.0 cm. in size, weighing over 800 
Gm., nearly replaced the entire right lobe. 


Fig. 9B. Microphotograph of hepatoma showin 
tumor cells ballooned with glycogen. Note simi- 
larity in comparison with glycogen storage dis- 
ease shown in Fig. 4. 
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= Cose8 
= Primary Hepatoma 
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Fig. 10. Case 8. Complete arrest of growth for a year or more prior to 
surgical treatment and rapid recovery after removal of hepatoma. Note 
parallel changes in bones shown in Figs. 6 and 7. 


other 5 patients. The serum alkaline phos- 
phatase activity was increased in 4 patients. 
This may be related to the liver disease 
rather than to bone change. 

The general nutritional status was very 
poor in 3 patients, poor in 5, and relatively 
normal in 2. This was reflected in the stunt- 
ing of growth in stature and weight of these 
children (Figs. 14 and 15). These mani- 
festations were most marked in Case 21, 
whose growth and development were com- 
pletely arrested with the onset of the long 
illness; at the present age of 19 years, she 
has the height of a 9-year-old and the body 
weight of an 8-year-old (Fig. 14). The bones 
are extremely osteoporotic and the muscles 
markedly atrophied (Fig. 12, B). Recently 
she had a minor fall and suffered patho- 
logic fractures of both femurs (Fig. 12, B). 
All of the growth disturbances had appar- 
ently developed long before she was given 
sustained corticosteroid therapy. 


DISCUSSION 


From the data presented it is apparent 
that the high incidence of osteoporosis in 
3 different types of liver diseases suggests a 
common explanation. Normal growth of 
bone requires an adequate supply of pro- 
tein and balanced activities of the endo- 
crine glands. In the absence of overt endo- 
crine disorder, a deficit of protein seems a 
logical etiological factor, which would also 
explain the frequent occurrence of muscular 
atrophy and growth retardation in these 
children. 

One question which immediately arises is 
the lack of commonly accepted evidence of 
protein deficiency, such as hypoproteinemia, 
anemia, edema, etc., in most of the patients 


except those with cirrhosis. 


We envisage a distinction between the 
state of advanced protein deficiency, in 
which hypoproteinemia is a cardinal sign, 
and the state of relative protein deficit, in 


+ at 
SS 
SSS == =< 
— 
+ 
| | | 


Fig. 11. Case 9. Primary benign hepatoma. 4A, 
July, 1958, marked osteoporosis before hepato- 
lobectomy. B, January, 1960, improvement of 
osteoporosis after resection of tumor. 


which the serum protein concentration may 
be normal but the growth of certain tissues 
may be retarded. With the assumption that 
atrophic changes of bone ‘and muscle and 
retardation of growth are manifestations of 
a systemic deficit of protein, 2 questions re- 
main to be answered. First, what are the 
possible pathophysiologic mechanisms _re- 
sponsible for the genesis of a protein deficit 
in the liver diseases under discussion? This 
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will be discussed below. Second, why are the 
usual signs of protein deficiency not found 
in many of our patients? This will be dis- 
cussed in a subsequent paper. 

The importance of the liver in many 
phases of metabolism is well established. 
The liver is the major organ which synthe- 
sizes plasma proteins,"* its proteins are read- 
ily mobilized and available to other organs 
through the agency of the circulating 
plasma.*® It is also important in the inter- 
mediary metabolism of carbohydrate and 
fat.** Furthermore, while many hormones 
act upon the liver cells and regulate their 
enzymatic activities, they are also inacti- 
vated in the hepatic cells.** In these mul- 
tiple roles the liver participates in the dy- 
namic flux of the metabolic pool. It should 
not be surprising, therefore, that severe liver 
diseases with serious hepatic dysfunction 
will have far-reaching effects on metabolic 
and physiologic processes, and that a relative 
or absolute protein deficit may develop. As 
a result of such shortage other organs may 
be deprived of their protein supply, or their 
protein stores may be mobilized,’ and oste- 
oporosis and other atrophic changes may 
therefrom eventuate. 

The pathogenesis of protein deficit in each 
type of liver disease may now be considered 
more specifically. 

I. Glycogen storage disease. In von 
Gierke’s disease the fundamental abnormal- 
ity is a deficiency or virtual absence of 
hepatic (and renal) glucose-6-phosphatase.** 
The function of glucose-6-phosphatase is to 
catalyze the hydrolysis of glucose-6-phos- 
phate to glucose and inorganic phosphate— 
an all important reaction in the mainte- 
nance of blood sugar concentration through 
hepatic glycogenolysis and gluconeogenesis. 

Glucose-6-phosphate is an important in- 
termediate of carbohydrate metabolism. By 
way of the Embden-Meyerhof scheme of 
glycolysis and the Krebs cycle of oxidative 
reactions it is also in dynamic equilibrium 
with protein and fat metabolism. These re- 
lationships provide the biochemical basis for 
a host of secondary disorders consequen! 
upon abnormal metabolism of glucose-6 
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A B 
Fig. 12. Case 21. Female patient with chronic hepatitis and severe post- 
necrotic cirrhosis since 9 years of age in 1951. A, Severe osteporosis, 1954. 


B, More severe osteoporosis with pathologic fractures, 1960. Also note 
marked muscle atrophy and extreme emaciation (see Fig. 14). 


Fig. 13. Case 19. Female patient, aged 12 years, with chronic hepatitis 
and postnecrotic cirrhosis of 2 years’ duration. A, mild but definite osteo- 
porosis of lumbar vertebrae before corticosteroid therapy. B, improvement 
of osteoporosis with appreciable increase in thickness of cortical plates of 
corresponding vertebrae after 5 months of corticosteroid treatment. Patient 
also showed improvement of nutritional status and general well-being. 
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Fig. 14. Case 21. Protracted (10 years) course of postnecrotic cirrhosis 
with complete arrest of growth and development since onset of disease 


(see Fig. 12 for bone changes). 


phosphate in von Gierke’s disease, which is 
primarily a disturbance of glucose and gly- 
cogen metabolism. It has been estimated** 
that under normal conditions 55 per cent of 
the glucose-6-phosphate pool in the liver is 
hydrolyzed to glucose and inorganic phos- 
phate which are returned to the blood. This 
is the only mechanism by which glucose is 
produced in the body from hepatic glyco- 
gen and from other sources (gluconeogene- 
sis). Glucose-6-phosphate has 3 other meta- 
bolic pathways including the formation of 
glycogen via glucose-1-phosphate. The rate 
of these reactions may be increased on a 
pro rata basis when hydrolysis is blocked on 
account of glucose-6-phosphatase deficiency. 

The absence or deficiency of glucose-6- 
phosphatase, therefore, would result in 2 
primary metabolic defects: under produc- 
tion of glucose and overproduction of glyco- 
gen giving rise to a propensity to hypo- 


glycemia and abnormal accumulation of 


glycogen storage proportional to the degree 
of enzyme deficit. These in turn would lead 
to a number of secondary metabolic dis- 
turbances and to structural and functional 
abnormalities of the liver (and kidney) with 
grave and fatal clinical manifestations. The 
chain reactions are comparable to those of 
hunger diabetes."* First, the want of carbo- 
hydrate fuel for energy metabolism would 
stimulate the catabolism of protein and of 
fat leading to protein deficit, hyperlipemia, 
acidosis, dehydration, and electrolyte im- 
balance. Second, the damage to hepatic 
function would further impair the body’s 
capacity to cope with the adverse protein 
economy. In addition hormonal disturbances 
secondary to stress and reduction of food 
intake due to anorexia and vomiting would 
further aggravate the situation (Fig. 16). 
Balance study has shown that as much a: 
3 to 4 Gm. of protein per day, or more than 
1 kg. of protein per year, were lost to a 5Y- 
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year-old boy with moderately severe glyco- 
gen storage disease.** It is obvious that in 
the long run this order of protein deficit will 
not be sustained without depleting the 
body’s protein reserve and leading to osteo- 
porosis, muscle, and skin atrophy, and 
growth retardation. 

II. Primary hepatic tumors. In the 2 re- 
ports in which 2 well-studied cases were 
presented and a third briefly mentioned, 
Hansen, Zeigler, and McQuarrie’ and 
Roberts and Sullivan® made extensive stud- 
ies of the lipid and calcium metabolism. 
They were impressed with the findings of 
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hyperlipemia and hypercholesterolemia in 
these children. They speculated about the 
possibility of a missing liver factor that 
might be responsible for the disturbed lipid 
metabolism and the inability of the bone to 
retain calcium and phosphorus. Retarded 
growth and muscle wasting were also con- 
spicuous in their cases as in ours. The pos- 
sibility of a protein deficit being the com- 
mon denominator has not received serious 
consideration. 

In our patients with hepatic tumors there 
were no data on serum lipid or cholesterol 
concentrations. However, hyperlipemia and 


Case 18 K.S. 


Chronic Hepatitis 


ad 


Age Yours 


Fig. 15. Case 18. Boy with chronic hepatitis, onset at 2 years and death 
at 4% years of age. Note retardation of growth. The bones were mod- 


erately osteoporotic. 
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Diminished Phosphorolysis of Glucose ee 


Glycogenosis 
Hepatomegaly 


Hyperlipemia 


Fatty Infiltration 
Hepatic Decompensation 
Decreased Protein Synthesis 


Bleeding and Anemia 


Hypoglycemia 

Increased Catabolism of 

Protein 


| 
Protein Deficit 


| 
Acidosis Muscle Wasting 
| 
Dehydration Skin Atrophy 


Gl Disturbance 
Nutrition Deficiency Growth Retardation 


Protein Deficit 


Alarm Reaction 


Fig. 16. Pathologic physiology of glycogen storage disease. Note patho- 
genesis of protein deficit, osteoporosis, emaciation, growth retardation. 


hypercholesterolemia are generally believed 
to be common findings in severe liver dis- 
ease of many causes. They were present in 
a majority of our patients with von Gierke’s 
disease (Table III). They are due to in- 
creased utilization of fat and may cause 
fatty infiltration of the liver leading to ad- 
ditional hepatic damage, and thus sec- 
ondarily contribute to diminished hepatic 
protein synthesis (Fig. 16). 

Several other possible causes of protein 
deficiency may be suggested: 

1. Microscopically the hepatoma cells are 
rich in glycogen while the normal liver cells 
are not. In Case 8 the response to glucagon 
and epinephrine tests were negative before 
and positive after the tumor was removed. 
These observations indicate a deficiency of 
glucose-6-phosphatase in the glycogen-laden 
hepatoma cells,”°-*" a situation metabolically 
similar to glycogen storage disease. In most 
of our patients, from one third to one half 
or more of the liver was destroyed and re- 
placed by tumor. If the glycogen store in the 
hepatoma were unavailable for glucose pro- 
duction, a tendency to hypoglycemia**-*° 
and increased utilization of protein and fat 
would result with consequent protein deficit, 
hyperlipemia and other abnormalities much 
the same as in von Gierke’s disease (Fig. 
16). 


2. In addition, when a large portion of 
normal liver is lost, functional impairment 
will become inevitable. Although this may 
be compensated and inapparent, hepatic 
protein synthesis may be adversely affected 
and a supply shortage may develop. 

3. Furthermore, the growth of the tumor 
imposes an additional demand for protein, 
aggravating the already precarious econ- 
omy. 

Under these circumstances of increased 
catabolism, decreased synthesis, and abnor- 
mal requirement, a deficit of protein cannot 
be avoided for long, and in time the large 
protein stores of the body will bear the brunt 
of deprivation. Indeed, the total net balance 
of protein economy may become so unfavor- 
able that emaciation of muscle and skin, 
atrophy of bone and retardation of growth 
become inevitable. 

III. Hepatic cirrhosis. The cirrhotic pa- 
tients showed the most severe impairment 
of liver function in comparison with the pa- 
tients with glycogen storage disease or he- 
patic tumors. All but one patient showed 
hypoalbuminemia and reversed A/G ratio; 
one half of the patients had ascites. For 
the pathogenesis of this advanced degree of 
protein deficit a number of possible causes 
may be responsible. These are as follows: 

1. Decreased synthesis of protein as re- 
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flected by hypoalbuminemia and hypopro- 
thrombinemia. 

2. Increased demand for increased pro- 
duction of antibodies as evidenced by hy- 
pergammaglobulinemia. 

3. Increased destruction of tissue proteins 
due to persistent inflammation. 

4. Increased loss of protein due to hem- 
orrhage. 

5. Increased demand of proteins for re- 
pair of destroyed tissues and regeneration of 
lost red cells. 

6. Nutritional deficiency due to dimin- 
ished intake, disturbed digestion, and ab- 
sorption secondary to severe liver disease. 

7. Hormonal disturbances, such as_pos- 
sible alarm reaction, suppression of gonadal 
function, and long-term corticosteroid ther- 
apy. 

The relative importance of each of these 
factors may vary in individual patients, but 
the total effect on body protein economy 
with resultant osteoporosis, muscle wasting, 
and growth failure is similar in all instances. 
Many of our patients have received cor- 
ticosteroid therapy. However, for the most 
part they developed osteoporosis and other 
symptoms of protein deficit before they were 
placed on long-term steroid medication. 
Furthermore, those who responded favor- 
ably to steroid therapy showed no addi- 
tional deleterious effect on their protein 
economy, rather, they were improved in 
general well-being and in strength. In ad- 
dition, osteoporosis and growth failure oc- 
curred just as frequently in those children 
who received no steroid treatment. 


SUMMARY 


1. Of 7 children with glycogen storage 
disease, 9 with primary hepatic tumors, and 
10 with hepatic cirrhosis, approximately two 
thirds of them had osteoporosis, and many 
also had muscle atrophy and growth re- 
tardation. 

2. One child with benign hepatoma 


showed dramatic improvement after the . 


tumor was removed. 
3. These observations suggest that a sys- 
temic deficit of protein may be an impor- 
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tant etiological factor of osteoporosis in liver 
diseases. 


4. The pathogenesis of protein deficit in 
each type of liver disease has been consid- 
ered. 
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IT Etiological considerations 


HOUSTON, TEXAS 


THE many causes of osteoporosis, which 
have been explored by Albright and Reifen- 
stein, have continued to be a subject of 
interest. In a recent symposium, mainly on 
senile osteoporosis and Cushing’s syndrome, 
a number of hypotheses were advocated.** 
Of these some were familiar, others were 
radically new; none seemed wholly accepta- 
ble to all the participants of the panel. It 
appears that the antiosteoporosis factor* is 
yet to be demonstrated, the calcium de- 
ficiency theory* has received little support, 
and disuse atrophy® is of relatively minor 
importance in the majority of patients. The 
more conventional concepts of cellular ac- 
tivity? and hormonal imbalance’ still appear 
to have the most merit. 

In addition, the importance of osteogenic 
cellular differentiation in response to various 
stimuli has been stressed,’ and in this con- 
nection the tangled interrelationships be- 
tween hormonal action, metabolic substrates, 
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and cellular or enzymatic activities should 
deserve consideration.* ® 

In this paper we propose to consider the 
hypothesis that osteoporosis in liver diseases 
may develop as a compensatory reaction to 
a systemic protein deficit as a result of 
hepatic dysfunction. 


OSTEOPOROSIS AND PROTEIN 
DEFICIT 


In children with liver diseases of divergent 
etiology presented in the preceding paper’ 
a high incidence of osteoporosis, muscle 
wasting, skin atrophy, and growth failure 
was observed. The findings suggested that 
deficit of protein might be a significantly 
common factor, although marked hypoalbu- 
minemia and hypoprothrombinemia were 
found only in the cirrhotic children. The 
prompt disappearance of osteoporosis and 
resumption of growth following improve- 
ment or eradication of the liver disease in 
several instances seem to lend support to 
the thesis. It would appear that manifest or 
occult hepatic insufficiency was an important 
factor in the pathogenesis of a protein def- 
icit in these patients. The possible mech- 
anisms have already been discussed in some 
detail in each type of liver disease.’ 


| 
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Table I. Causes of protein deficit 


I. Insufficient intake 
1. Dietary deficiency 
2. Gastrointestinal disorders 


II. Diminished synthesis 
1. Liver diseases with hepatic insufficiency 
2. Endocrine disorders 


III. Increased requirement 
1. Pregnancy, lactation, etc 
2. Neoplasia 
3. Inflammatory diseases 


IV. Increased breakdown and abnormal loss 
. Endocrine disorders 

. Proteinuria 

Serous effusions requiring drainage 
. Vomiting, diarrhea, etc. 

. Hemorrhage 


It is interesting to note that atrophic 
changes of muscle and bone also occur in 
endocrine disorders and in starvation or 
malnutrition.’* ** It seems obvious that os- 
teoporosis is not a specific manifestation of 
a single disease; rather it may represent a 
nonspecific expression of a protein deficit 
caused by many conditions. 


THE MEANING AND CAUSES 
OF PROTEIN DEFICIT 


Protein is a fundamental building material 
of living cells. It is required for growth and 
maintenance of all: tissues. Whenever these 
processes are retarded or impaired, a deficit 
of protein may be presumed to exist, even 
though the plasma protein concentration 
may not be diminished. In this sense, osteo- 
porosis (or deficiency of matrix formation) 
is evidence of protein deficit, as is emacia- 
tion of muscle and skin, or retardation of 
growth in general.** 

A deficit of protein may result from many 
causes, some of which are outlined in Table 
I. In many disease conditions more than 
one factor may be involved and their rela- 
tive importance difficult to determine. 


THE DYNAMIC EQUILIBRIUM 
OF BODY PROTEINS 


From the classic investigations of the late 
Schoenheimer'* has emerged the concept of 
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metabolic regeneration of tissues by means 
of continual release and uptake of metabolic 
substrates to and from a circulating met- 
abolic pool, through which all constituents 
of the body are in dynamic equilibrium. 
This has since been established as one of the 
most significant facts in modern biochem- 
istry. 

In experiments with dogs made anemic or 
hypoproteinemic by repeated bleeding or 
plasmaphoresis, Whipple** found that mus- 
cle, liver, and other tissue proteins were 
regularly mobilized to replenish the hemo- 
globin and plasma proteins depleted under 
his experimental conditions. This he termed 
“raiding of the body protein stores.” In 
other experiments he also demonstrated the 
transformation of parenterally administered 
C**-labeled plasma proteins to organ pro- 
teins. From these observations he concluded 
that within the total mass of body proteins 
there was a steady interchange between pro- 
teins in circulation, in extracellular fluids, 
in the cells, and in the reserve stores. 


RAIDING OF BODY PROTEIN 
STORES—A COMPENSATORY 
MECHANISM 


The propriety of the term “body protein 
stores” has been questioned on the ground 
that there is no known organ having the 
primary function of a mobile reserve of 
protein.® ** Physiologically, nonetheless, 
all body proteins are in dynamic equilibrium 
and are more or less mobilizable.** ** In 
this sense the usage of the term seems justi- 
fied. 

From Whipple’s experiments and other 
observations (vide infra), it would appear 
that “to rob Peter to pay Paul” is a de- 
liberate way the body manages its protein 
economy under adverse conditions. This is 
by no means unique to protein metabolism; 
indeed, it seems a common physiologic phe- 
nomenon (witness the maintenance of acid- 
base balance, of blood sugar level, electrolyte 
equilibrium and calcium homeostasis 
through similar compensatory mechanisms). 

In such operations, it seems as if the body 
has a priority system to regulate the alloca- 
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tion and transfer of metabolic substances 
among its many organs in accord with their 
current needs and their physiologic impor- 
tance to the total well-being of the organism. 
For instance, in pregnancy the development 
of the fetus has the highest priority; if fetal 
needs are not adequately met by dietary in- 
take, maternal resources are relentlessly util- 
ized, and the mother may develop anemia, 
weight loss, osteoporosis, and other evidences 
of deficiency. During the migration of the 
salmon from the sea to its spawning grounds, 
the fish is known not to consume any food. 
In addition to its prodigious effort, it also 
has to provide protein and other nutrient 
materials for the tremendous growth of the 
generative organs during the journey. These 
needs, unprovided for during starvation, are 
apparently fulfilled by increased catabolism 
of muscle substance, which has been known 
for some time,'* and by the development of 
osteoporosis, which has recently been iden- 
tified.*® 

We are inclined to believe that our pa- 
tients with liver diseases might have devel- 
oped more serious hypoproteinemia and 
anemia, if the bones had not become osteo- 
porotic or the muscle and skin had con- 
tinued to grow normally. 

It seems of some importance to clarify 
the proper meaning of the word “robbing” 
or “raiding” of protein stores in the above 
discussion with respect to the pathogenesis 
of osteoporosis. The phrase appears to carry 
the connotation of increased removal of 
organ protein. This may be true with mus- 
cle or liver.** In the case of bone, however, 
the implication of increased resorption is 
contrary to the accepted pathophysiologic 
concept of osteoporosis; although more re- 
cently the possibility of increased resorption 
of bone without increased osteoclastic ac- 
tivity has been suggested.? In any event, 
there need be no contradiction, if by robbing 
or raiding is meant depriving or diverting of 
protein supplies en route to bone. In a 
dynamic economy such deprivation or di- 
version may lead to diminished matrix pro- 
duction; and while physiologic resorption 
continues, a net decrease of bone mass— 
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Table II. Body protein stores* 


Organ | Organ | Organ Organ 

weight | protein | protein | protein 

as %o of | as % of | as % of | as % of 
Body body organ body body 
organs weight | weight | weight | protein 


Whole 

body 100 15to20 15 to 20 100 
Muscle 30 to 40 20 6 to 8 40 
Bone 10to18 22to28 2to5 14-25 
Skin 8 25to30 2to2.5 10-12 
Red 

blood 

cell 

(Hg) 4 33 1.3 6 to8 
Liver 3 20 0.6 3to4 
Plasma 5 6to8 0.3 to 04 2 


*Values given in first and second columns are from pub- 
lished data in the literature,"-™ those given in third and 
fourth columns are derived from the first 2 columns. They 
provide a quantitative basis for the hypothesis that osteo- 
porosis is a compensatory mechanism in a situation of pro- 
tein deficit. 


osteoporosis will occur. In the period of 
rapid growth this may develop more readily 
and more severely. 


THE EFFECTS OF HORMONES ON 
PROTEIN METABOLISM AND 
OSTEOPOROSIS 


Generally speaking, hormones function as 
metabolic regulators. They act by accelerat- 
ing or inhibiting the rate of cellular enzy- 
matic reactions and thus exert regulatory 
influence in physiologic processes concerned 
with the maintenance of homeostasis. In 
the case of protein metabolism, it has been 
postulated that an excess of adrenal oxy- 
corticosteroids may decrease the rate of 
synthesis or increase the rate of breakdown, 
that an excess of thyroxin may increase 
catabolism, and that a deficiency of the sex 
hormones or adrenal androgens may de- 
crease anabolism.® ** *° More recently, the 
emphasis has been on a relative imbalance 
between the anabolic effects of the sex and 
adrenal androgens on one hand and the 
antianabolic activities of the adrenal oxy- 
corticosteroids on the other.® In liver dis- 
eases, or, indeed, in any disease associated 
with secondary hormonal disturbance, such 
relative imbalance may in part account for 
the occurrence of a protein deficit. 
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NUTRITIONAL 
STATUS 


CELLULAR 
ACTIVITY 


METABOLIC HORMONAL 
REACTIONS BALANCE 


Fig. 1. The tetrahedral of interdependence be- 
tween nutritional status, hormonal balance, met- 
abolic reactions, and cellular activity. Each factor 
influences and is in turn influenced by the other 
factors. 


Although these postulates have received 
considerable support from experimental and 
clinical observations, the precise mechanism 
of hormone action at the enzymatic and 
substrate levels, however, remains to be 
elucidated.® 

Pritchard’ has propounded that the osteo- 
blasts, the osteoclasts, and the marrow re- 
ticulum cells are mutually convertible; that 
in their transformations lies the heart of 
every problem of bone physiology and pa- 
thology; and that in response to physiologic 
or pathologic stimuli, these cells may differ- 
entiate in the direction of osteoblastic or 
osteoclastic activity.’ 

Since hormonal balance, nutritional status, 
and metabolic reactions are interdependent, 
and disturbance of any one factor invariably 
causes disturbance of the other two, the 
question of which one is the most important 
seems moot. It appears logical that either 
one of the 3—hormonal imbalance, met- 
abolic disorders, or nutritional deficiency— 
may directly or indirectly influence cellular 
transformation in the direction of diminished 
osteoblastic differentiation with consequent 
osteoporosis (Fig. 1). 


QUANTITATIVE 
CONSIDERATIONS AND THE 
INFLUENCE OF AGE 


The muscle, the bone, and the skin, be- 
cause of their bulk, contain the largest shares 
of the total mass of body proteins. By com- 
parison, the liver and the circulating plasma 
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contain relatively insignificant amounts of 
protein. This is shown in Table II.**-** 

The quantitative aspects of protein loss 
in osteoporosis are of considerable interest 
but have not received enough attention.” * 
Although a generalized process, the extent 
of osteoporosis may vary in different bones 
and indeed, in different portions of the 
same bone in the early stages. Such varia- 
tions, however, tend to disappear as osteo- 
porosis progresses. Careful studies’? have 
shown that 30 to 50 per cent of osseous sub- 
stance must be lost before osteoporosis be- 
comes demonstrable with certainty by roent- 
genography. The quantity of osseous pro- 
tein involved is considerable. 

Let us consider the 22-year-old girl with 
primary hepatoma’? who was markedly os- 
teoporotic and weighed only 10 kilograms, 
instead of 15 kilograms for the 50th per- 
centile for her age. Assuming that she lost 
50 per cent of the osseous substance, it is 
estimated that she lost 165 Gm. of protein 
from the bones. This amount is equivalent 
to 7 per cent of the total body protein, 2 
times the total liver protein, and 3 times 
the total plasma protein. Yet, she made a 
rapid recovery after the tumor was removed 
surgically. These data are shown in Table 
III. 

Let us also consider a hypothetical woman 
patient who is 60 years old, stands 5 feet 
tall, weighs 60 kilograms, and has moder- 
ately severe postmenopausal osteoporosis. 
Again assuming a 50 per cent loss of osseous 
substance, the protein loss from the bones 
is estimated to be about 1,000 Gm. This 
represents 8 to 10 per cent of the total body 
protein, 3 times the total liver protein, and 
5 times the total plasma protein. She shows 
little response to hormonal and dietary 
therapy over a long period of time. These 
data are also shown in Table III. 

These quantitative data, crude as they 
are, illustrate the order of magnitude of pro- 
tein deficit in osteoporosis. In the case of 
the child with hepatoma this was compara- 
tively small and apparently readily restored 
after the cause was removed. Undoubtedly, 
the great capacity to achieve sustained posi- 


t 
f 
h 
r 
t 
a 
P 
n 
ti 
si 
n 
is 
ni 
el 
fu 
P 
in 
pl 
of 
to 
th 
ce 
ea 
re 
re 
ra 
be 
en 
in 
to 
th 
bi 
m 
lon 
an 
ve 
me 
gre 
cre 
m 


Volume 59 Number 5 


tive nitrogen balance and the great potential 
for growth and repair characteristic of child- 
hood are important factors in favor of rapid 
recovery. On the other hand, in the patient 
with postmenopausal osteoporosis, the pro- 
tein deficit of 1,000 Gm. is 6 times greater 
than that of the child. In addition, at her 
age, the ability to maintain positive nitro- 
gen balance, even with the best of diet, and 
the potential for growth and repair, even 
with optimal substitutional hormonal ther- 
apy, are greatly diminished. It is not sur- 
prising that the osteoporosis does not show 
notable improvement. Indeed, mere preven- 
tion of further progress and maintenance of 
status quo are regarded as successful treat- 
ment.® 

Between these extreme examples, there 
is a wide range of variability and a large 
number of variables such as age, nutrition, 
endocrine balance, liver, and gastrointestinal 
function, as well as the severity of the osteo- 
porosis and the reversibility of the underly- 
ing disease or diseases. It is obvious that the 
prognosis of osteoporosis must be individ- 
ualized and based upon due considerations 
of all pertinent factors. 

In addition to the points already alluded 
to with respect to the influence of age upon 
the healing of osteoporosis, the following 
comments may be added: In infancy and 
early childhood osteoporosis appears more 
readily. This is probably related to the large 
requirement of protein to maintain the high 
rate of growth and to the small bulk of 
bone which is scarcely mature and appar- 
ently more labile, a situation not unlike the 
instability of fluid balance and the propensity 
to dehydration in the same period of life. As 
the child grows older and the bones grow 
bigger and stronger, he attains a larger and 
more stable osseous mass, and it takes a 
longer period of time for osteoporosis to 
become apparent. After adulthood is reached 
and the skeleton has fully matured, the de- 
velopment of osteoporosis becomes even 
more insidious, because with cessation of 
growth, the requirement of protein is de- 
creased; also, the bulk of bone involved is 
much larger. 


Liver diseases and osteoporosis. II. 707 


Table III. Protein deficit in osteoporosis* 


2Ye-year-old girl 60-year-old woman 
Hepa- Post- 
toma meno- 
with pausal 
osteo- osteo- 
Normal | porosis | Normal | porosis 
(kg.) (kg.) (kg.) (kg.) 
Body 
weight 15 10 60 50 
Body 
protein 3 2 12 10 
Bones 1.5 0.75 a + 
Bone 
protein 0.165 0.165 2 1 
Protein 
deficit 0.165 1 


*Values given are derived from data presented in Table 
II. 


From the data in Table II it may be 
noted that the liver accounts for 3 to 4 per 
cent and the plasma about 2 per cent of the 
total body protein. In contrast, the skeletal 
muscle, the bone, the skin, and the red cells 
(hemoglobin) account for much larger 
shares. The liver is the principal site of 
plasma protein synthesis*® ** and the plasma 
proteins have been regarded as transport 
proteins.** ** When dietary intake and in- 
testinal and hepatic functions are normal, 
the amino acids and plasma proteins in cir- 
culation, constantly replenished by the liver, 
are sufficient to meet the normal demand 
of the body tissues. However, when a deficit 
of protein develops from deficient intake, 
increased destruction, abnormal loss, or in- 
creased requirement (Table I), the meager 
resources of liver and plasma proteins may 
become insufficient to cope with the demand. 
When this happens, rationing of available 
resources in accordance with a priority sys- 
tem may become imperative. Invariably, so 
it seems, the organs with large protein re- 
serves may be deprived of their normal 
quota of protein supply, which is diverted 
to fill more urgent needs elsewhere. Mean- 
while, however, the normal wear and tear 
in the deprived organs continue without be- 
ing repaired. Eventually atrophic changes 
and growth retardation ensue. It is through 
such compensatory mechanisms that the 
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plasma protein and hemoglobin concentra- 
tions may be maintained at nearly normal 
levels. To accomplish this, however, the 
structural and functional integrity of the 
liver are important factors. With serious 
decompensation of hepatic function, such 
as in severe liver cirrhosis, hypoproteinemia 
and anemia eventually occur. 


SUMMARY AND CONCLUSIONS 


1. Our observations of children with he- 
patic glycogenosis, hepatic tumors, and 
hepatic cirrhosis, as reported separately in 
this issue, lead us to believe that the high 
incidence of osteoporosis, often accompanied 
by atrophy of muscle and skin and retarda- 
tion of growth and development, may rep- 
resent a nonspecific manifestation of a sys- 
temic deficit of protein. 

2. This protein deficit, often relative and 
inapparent, may be the result of many 
causes directly or indirectly attributable to 
the liver disease involved, with or without 
manifest hepatic insufficiency. These have 
been discussed in the preceding paper. 

3. We propose that the occurrence of 
osteoporosis and other atrophic changes rep- 
resents a compensatory mechanism by which 
the body regulates its protein economy 
under stringent circumstances of diminished 
supply, abnormal demand, and/or increased 
destruction, in much the same manner as 
in other well-known physiologic phenomena 
of homeostasis. 

4. A system of priority for the allocation 
and transfer of available proteins seems 
operative. A body organ receives, or is de- 
prived of, a rationed amount of protein in 
accordance with its current needs appro- 
priate to its priority rating. This is possible 
because all body constituents are in a state 
of flux, all body proteins are in equilibrium, 
and all living tissues degenerate and re- 
generate continually. 

5. In such compensatory operations, the 
organs with large shares of body proteins 
and low priority ratings, such as the muscle, 
the bone, and the skin, may be deprived of 
their normal supply or depleted of their re- 
serve store of proteins. In either case, their 
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growth may be impaired and atrophic 
changes may ensue. Advantage is taken of 
the diverted supply and mobilized reserve 
to fill the needs of repair of organs with 
greater physiologic importance. 

6. The important role of the hormones 
in the regulation of protein metabolism and 
cellular activity with respect to the path- 
ogenesis of osteoporosis has been discussed. 

7. The quantitative aspects of osteoporosis 
and the influence of age upon the rapidity 
of development and of repair of osteoporosis 
have been considered. 


We wish to thank Dr. A. Baird Hastings and 
Dr. Franklin C. McLean for their encouragement 
and suggestions. 
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Relation of lung volumes to height in healthy 
persons between the ages of 5 and 38 years 


Charles D. Cook, M.D.,* and Joanna F. Hamann, B.A. 


BOSTON, MASS. 


T He application of laboratory techniques 
to the study of respiratory abnormalities in 
infants, children, and adults has led to the 
need for the establishment of normal values 
for a variety of lung functions. The measure- 
ment of lung volumes, especially total lung 
capacity, vital capacity, functional residual 
capacity, and residual volume, has become a 
standard procedure in the assessment of pul- 
monary status; this report presents data on 
the relation between these lung volumes and 
height in normal persons of both sexes rang- 
ing in age from 5 to 38 years. 


SUBJECTS AND METHODS 


Approximately three quarters of the 171 
individuals, of whom 85 children have pre- 
viously been reported,’ were healthy volun- 
teers without histories of chronic respiratory 
or cardiac disease. Approximately one quar- 
ter were children hospitalized for elective 
surgical procedures who were studied either 
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before or more than 3 days after operation. 
Persons familiar with the procedures or 
trained subjects comprised less than 6 per 
cent of the total. The 106 males (age range, 
5 to 38 years) varied in height from 110 to 
203 cm. and the 65 females (5 to 25 years) 
varied from 105 to 183 cm. 

The measurement of the lung volumes was 
made by spirometry and the closed-circuit 
helium dilution technique.” * All measure- 
ments were done in the same laboratory and 
all were done in duplicate. The basic meas- 
urement of functional residual capacity had 
a standard error of + 75 ml. when done in 
duplicate and the average of the 2 values 
was used; the larger of the expiratory and 
inspiratory reserve values was used for the 
calculation of residual volume, vital capac- 
ity, and total lung capacity. The results were 
expressed in liters BTPS and related to the 
subject’s height in centimeters; in one in- 
stance (VC for males) the relation between 
a lung volume and surface area estimated 
from the nomogram of Consolazio, Johnson 
and Marek® was calculated. 


RESULTS 


The results of the studies are shown in 
the form of regression equations in Table I 
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and the individual data are plotted against 
height in Figs. 1 to 4. Figs. 5 and 6 show 
the similarity of the slopes of the regression 
lines for residual volume, functional residual 
capacity, vital capacity, and total lung ca- 
pacity related to height in both males and 
females. One standard error of the estimate 
around the arithmetic mean is shown so that 
these charts may be used for comparison 
with values obtained in patients of various 
sizes. In Fig. 7 are shown the present data 
for vital capacity combined with that ob- 
tained in newborn infants by Sutherland and 
Ratcliff.® 


DISCUSSION 


As recently pointed out by Hepper, Fowler, 
and Helmholz,* Kelly,> in a study of vital 
capacity of boys and girls, first identified the 
relation between a lung volume and the cube 
of height. Bateman,® Morse, Schultz, and 
Cassels," Engstrém and co-workers* and 
Helliesen and associates’ have also variously 
described this relation in adults and chil- 
dren. Hepper and co-workers* themselves 
confirmed such a relationship for the vital 
capacity and total lung capacity of tall men. 
Since volume is three dimensional it might 
be expected that lung volumes would be 
related to the cube of a one dimensional 
measurement such as height. The fact that 
this relation applies with an excellent cor- 
relation to individuals of both sexes and with 
a wide range of heights indicates that height 
is a reliable basis for the prediction of these 
lung volumes. Although in persons of normal 
body proportions there might be a good 
correlation with body weight and/or sur- 
face area (a good correlation [r = .94] 
between body surface area and the vital ca- 
pacity of the males was found in the present 
series [Table I]), it would be expected that 
the correlation with either weight or surface 
area would be less reliable with either thin 
or overweight individuals. 

In a recent report, Sutherland and Rat- 
cliff® have reported “crying vital capacity” 
measurements in 93 normal infants under 4 
days of age. With the combination of their 
data for the 53 full-term infants whose 
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length was measured and the data of the 
present report, regression lines for males and 
females have been calculated (Table I), and 
again a close relation between vital capacity 
and the cube of height was found (Fig. 7). 

The finding that there was no significant 
difference between the regression lines for 
residual volume and functional residual 
capacity for males and females was consist- 
ent with the results reported by Engstrém 
and co-workers* who found no significant 
differences for all 4 lung volumes in their 
50 boys and 43 girls. However, in the pres- 
ent series, males were found to have slightly, 


™ SRV = 0.156 Ht5-099 x 10°6 


RESIDUAL 
VOLUME 
(LITERS) 


LOF 


50. 200 cm 
HEIGHT 


Fig. 1. Measurements of residual volume plotted 
against height for 106 males (@) and 65 females 
(o). There was no significant difference between 
the regression line for males (solid line) and that 
for females (dotted line). The equations and lines 
are for geometric means. 
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Table I. Relation between lung volumes and body size 


S. E. of 
Lung No. of Meant Correlation 
volume subjects Regression equation* (%) coefficient 
Malest 
RV 106 RV = _ .162 x Ht. 3-099 x 10-6 227 79 
FRC 106 FRC = 1.254 x Ht. 3-298 5 10-7 +16 92 
VC 106 VC = .767 x Ht. 3-028 x 10-6 ~12 95 
vc 105 VC = 3.555 x BSA — 1.67 +14 .94 
VC$ 137 VC = .707 x Ht. 3-043 x 10-6 215 995 
TLC 106 TLC = .950 x Ht. 3-039 x 10-6 = 11 96 
Females|| 
RV 65 RV = _ .320 x Ht. 2-972 x 10-6 + 32 77 
FRC 65 FRC = 2.861 x Ht. 3-136 x 10-7 +24 86 
vc 65 VC = 1.213 x Ht. 2-920 x 10-6 £15 94 
VC§ 87 VC = .437 x Ht. 3-133 x 10-6 = 12 996 
TLC 65 TLC = 1.698 x Ht. 2-909 x 10-6 £17 92 


*Volumes in liters BTPS; height in centimeters; body surface area (BSA) in square meters; regression equations are for 
arithmetic mean rather than geometric means shown in Figs. 1 to 4. Arithmetic means are used for greater ease in calcu- 
lating predicted values and the standard error of the estimate. RV = residual volume; FRC = functional residual capacity; 
VC = viral capacity; TLC = total lung capacity. 

tExpressed as per cent of arithmetic mean. 

tAge range 5 to 38 years, mean height = 153 cm. (range 110 to 203). 

$Includes data of Sutherland and Ratcliff? for newborn infants. 

\|Age range 5 to 25 years; mean height = 149 cm. (range 105 to 183). 


but significantly, larger vital capacities and 2. Gilson, J. C., and Hugh-Jones, P.: Lung 

canacitios Functions in Coalworkers’ Pneumoconiosis, 

teen : Medical Research Council Special Reports 

Series, No. 290, London, 1955, Her Majesty’s 
Stationery Office. 

3. Consolazio, C. F., Johnson, R. E., and Marek, 

E.: Metabolic Methods, St. Louis, 1951, The 


SUMMARY 


The results of the measurement of resid- 
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Ali Mehrizi, M.D., and Allan Drash, M.D. 


BALTIMORE, MD. 


OBSERVATIONS in the Harriet Lane 
Home Cardiac Clinic led us to believe that 
the birth weight of infants with complete 
transposition of the great vessels tended to 
be higher than the average birth rate of 
normal infants. A survey of the literature 
revealed no study of the birth weight of 
infants with congenital malformations of the 
heart. Since it has been shown that the 
average birth weight of white infants is 
higher than that of Negro newborn infants, 
and since our clinic population is composed 
mainly of white children, this study was re- 
stricted to the birth weight of white infants. 


MATERIAL 


This study was divided into 4 groups: (1) 
children with cyanotic congenital heart de- 
fects, (2) children with acyanotic congenital 
heart defects, (3) a control group of infants 
referred for evaluation of a functional mur- 
mur, and (4) a second control group of 
white infants born in the City of Baltimore 
during 1956. 

Group I comprised 341 white infants with 
cyanotic congenital heart defects. Our first 


From the Cardiac Clinic of the Harriet Lane 
Home and the Department of Pediatrics, The 
Johns Hopkins University School of Medicine. 


Birth weight of infants with cyanotic and 


acyanotic congenital malformations of the heart 


analysis of these infants revealed that the 
birth weight of infants with transposition of 
the great vessels was significantly higher 
than the birth weight of infants with other 
cyanotic congenital malformations. We 
therefore divided Group I into 2 categories, 
(a) a group of 117 cases with transposition 
of the great vessels, and (b) a group of 224 
cases with other cyanotic congenital mal- 
formations, composed of 136 cases of te- 
tralogy of Fallot, 37 cases of truncus arterio- 
sus, 40 cases of tricuspid atresia, and 11 
cases of defective development of the right 
ventricle with severe pulmonary stenosis or 
atresia. The birth weights of the infants in 
the second group (i.e., that of 224 cases) 
have not been classified into categories, as 
it was found that the birth weights of infants 
with these various malformations was prac- 
tically the same. In those infants with trans- 
position of the great vessels, the average 
birth weight was 7.6 pounds and in all other 
cyanotic malformations the average birth 
weight was 6.96 pounds. 

Group II consisted of 259 infants with 
acyanotic congenital heart defects, as fol- 
lows: 89 cases of patent ductus arteriosus, 
42 cases of ventricular septal defects, 71 
cases of atrial septal defects, 18 cases of 
coarctation of the aorta (preductal and post- 
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Fig. 1. Cumulative indices. 


ductal), 19 cases of aortic stenosis, 20 cases 
of pulmonary valvular stenosis. Analysis of 
this group showed that the birth weight, re- 
gardless of the specific malformation, was 
virtually the same with only insignificant 
differences. In this group the average birth 
weight was 6.97 pounds. 

Group III consisted of 70 patients diag- 
nosed as having a functional murmur. These 
patients were otherwise normal, entirely 
asymptomatic children in whom heart mur- 
murs had been heard on routine physical 
examination, and who were then referred to 
the Harriet Lane Home Cardiac Clinic for 
evaluation. We chose their birth weight as 
a control, because they were referred to us in 
the same manner as were those with definite 
malformations and, to the best of our knowl- 
edge, came from homes of similar economic 
status. In this group, the average birth 
weight was closely similar to the second 
group, namely, 6.92 pounds. 

Group IV comprised 14,007 white infants 
born in the City of Baltimore during 1956." 
We used these as a second control because 
this was a large and unselected group. The 
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average birth weight of the group was 6.96 
pounds. 


RESULTS 


Analyses of the birth weights of the above 
groups showed that the average birth weight 
of infants with complete transposition of the 
great vessels was 7.60 pounds whereas the 
average birth weight of infants with other 
cyanotic malformations was 6.96 pounds and 
of those with acyanotic malformations was 
6.97 pounds. In the 2 control groups, that 
is, those with functional murmurs and the 
white infants born in the City of Baltimore, 
the average birth weights were 6.92 and 
6.96 pounds, respectively. Thus the infants 
with transposition of the great vessels were 
on the average heavier at birth than any of 
the other groups. It is important to empha- 


Table I. Complete transposition of the great 
vessels (distribution of 117 cases according 
to birth weight) 


Cumu- 
% of lative | Cumu- 
Birth weight | No. of | total No. of | lative 


(lb.) cases No. cases % 
5.5 or under 6 5.12 6 5.0 
5.6to 6.0 8 6.83 14 12.0 
6.1 to 7.0 26 22.22 40 34.0 
7.1to 8.0 37 31.62 77 65.0 
8.1 to 9.0 27 23.07 104 88.0 
9.1 to 10.0 8 6.83 112 95.7 
10.1 to 11.0 
and over § 427 117 100.0 


Table II. Other cyanotic malformations of 
the heart (distribution of 224 cases according 
to birth weight) 


Cumu- 

% of | lative | Cumu- 

Birth weight | No. of | _ total No. of | lative 
(lb.) 


cases No. cases % 
5.5 or under 28 12.50 28 12.5 
5.6to 6.0 17 7.58 45 20.1 


6.1 to 7.0 69 30.80 114 51.0 
7.1 to 8.0 60 26.78 174 78.0 
8.1 to 9.0 32 14.28 206 92.0 


9.1 to 10.0 13 5.80 219 98.0 
10.1 to 11.0 3 1.33 222 99.0 
11.0 to 12.0 2 0.88 224 100.0 
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Table III. Acyanotic malformations of the 
heart (distribution of 259 cases according to 
birth weight) 


Cumu- 

% of lative 

Birth weight ’ total No. of 
(lb.) No. cases 


5.5 or under 12.35 32 
5.6to 6.0 4.24 43 
6.1 to 7.0 30.50 122 
7.1to 8.0 31.27 203 
8.1 to 9.0 14.67 241 
9.1 to 10.0 6.17 257 
10.0 to 11.0 0.77 259 


size that none of the infants with complete 
transposition of the great vessels showed 
signs or symptoms of cardiac failure and 
none were edematous at the time of delivery. 

Because these averages might be readily 
altered by a few extremely heavy or ex- 
ceptionally light infants, each group was 
analyzed to determine the number of infants 
of various birth weights. The birth weights 
were divided in units of pounds except that 
all premature infants, that is, those with a 
birth weight of 5.5 pounds or under, were 
grouped together and the next unit was 
composed of infants between 5.6 and 6 
pounds inclusive. The results are given in 
Tables I to V. From these tables, the cumu- 
lative indices and the distribution curves 
were plotted, as shown in Figs. 1 and 2. Both 
curves show that infants with complete trans- 
position of the great vessels were on the 
average heavier and those born in Baltimore 
City appear to be lighter than the 3 other 
groups.* 

DISCUSSION 


The peak of the distribution curves for 
the 2 control groups and the groups of the 
other cyanotic malformations occurred in 
the babies weighing between 6.1 to 7 pounds, 
whereas in the group of infants with the 


*All of the curves except the City of Baltimore curve 
represent infants who for the most part survived the neona- 
tal period, and consequently these groups have fewer babies 
of the low birth weight than is found in the City of Balti- 
more curve. 
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complete transposition and with the acy- 
anotic malformations the peak occurred at 
the 7.1 to 8 pound point. Even though the 
peak was the same in these 2 groups, only 
20.8 per cent of all infants in the acyanotic 
group weighed more than 8 pounds, whereas 
34.1 per cent of the infants ‘with complete 
transposition of the great vessels weighed 
more than 8 pounds at birth. In the group 
with other cyanotic malformations, 22.2 per 
cent of the infants weighed over 8 pounds at 
birth, whereas in the 2 control groups the 
percentage of babies weighing more than 
8 pounds were 17 per cent and 8 per cent, 
respectively. 

Inasmuch as it is well known that male 
infants tend to be heavier than female in- 
fants, the sex incidence in the various groups 
was analyzed to ascertain whether this fact 
in any way affected the birth weight. It 
was found that the sex ratio in the group 
of complete transposition of the great vessels 
was 3 males to 2 females, whereas in 
the other cyanotic infants and in acya- 
notic infants the sex ratio was approx- 
imately one to one. In the large Baltimore 
City group the sex ratio was also one to 


FUNCTIONAL MURMUR. 
TRANSPOSITION OF 
THE GREAT VESSELS. 

~ AVERAGE BIRTH 
WEIGHT OF WHITE 
INFANTS BORN IN THE 
CITY OF BALTIMORE 
In 1956. 


CYANOTIC CONGENITAL 
HEART DISEASE. 
(TETRALOGY OF FALLOT, 
TRICUSPID ATRESIA, 
TRUNCGUS ARTERIOSUS 
UNDERDEVELOPED 
RIGHT VENTRICLE.) 
ACYANOTIC CONGENITAL 
HEART DISEASE (PATENT 
DUCTUS ARTERIOSUS 
VENTRICULAR SEPTAL 
DEFECT, ATRIAL 
SEPTAL DEFECT 
STENOSIS, 
AORTIC STENOSIS.) 


— 
UNDER 5.5 6 7 
WEIGHT IN POUNDS 


Fig. 2. Distribution curves. 
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Table IV. Babies who subsequently 
developed functional murmur (distribution 
of 70 cases according to birth weight) 


Cumu- 

% of lative | Cumu- 

Birth weight | No. of | total No. of | lative 
(lb.) cases No. cases | % 

5.5 or under 9 12.8 9 12.8 
5.6to 6.0 5 7.14 14 20.0 
6.1 to 7.0 23 32.8 37 52.8 
7.1 to 8.0 21 30.00 58 82.8 
8.1 to 9.0 5 7.14 63 90.0 
9.1 to 10.0 7 9.99 70 100.0 


Table V. White infants born in the City of 
Baltimore in 1956 (distribution of 14,007 
cases according to birth weight) 


| Cumu- 
% of lative | Cumu- 
Birth weight | No. of | total No. of lative 
(lb.) cases No. cases % 


5.5orunder 1,117 7.97 1,117 8.0 
5.6to 6.0 2,848 20.33 3,965 283 
6.1to 7.0 5,453 38.93 9,418 67.2 
7.1to 8.0 3,468 24.75 12,886 92.0 
8.1 to 9.0 950 6.78 13,836 98.77 
9.1 to 10.0 159 1.13 13,995 99.0 
10.1 to 11.0 12 0.08 14,007 100.0 


one; in the other group, i.e., those with 
functional murmurs the sex ratio was 3 
males to 1 female. Nevertheless, even in this 
group the percentage of large babies was 
considerably smaller than in the group of 
infants with complete transposition of the 
great vessels. 

Further statistical analysis showed that 
the average birth weight of male to female 
infants with transposition of the great ves- 
sels was 7.8 pounds and 7.2 pounds, re- 
spectively, compared with 6.75 pounds and 
6.25 pounds in the large control group from 
the City of Baltimore. 

Thus all the evidence indicates that in- 
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fants with transposition of the great ves- 
sels are on the average heavier at birth than 
other infants and the difference found rep- 
resents a true difference in birth weights. 

The reason that babies with transposition 
of the great vessels are heavier than other 
babies is not clear. It is, however, a well- 
known fact that babies born to prediabetic 
and diabetic mothers? tend to be heavier 
than those of normal mothers; therefore, it 
might be significant to study the glucose 
metabolism of mothers who give birth to 
infants with transposition of the great ves- 
sels. Furthermore, although a detailed study 
has not been done, we have been impressed 
by the apparently high incidence of diabetes 
mellitus in families of patients with trans- 
position of the great vessels. 

Finally, it is of importance to note that 
the incidence of premature babies with 
transposition of the great vessels was only 
5 per cent compared with an incidence of 
12.8 per cent of premature infants in Group 
II and Group III and 8 per cent in babies 
born in the City of Baltimore. This observa- 
tion offers further confirmatory evidence 
that infants with transposition of the great 
vessels tend to be heavier than the average 
infant. 


We acknowledge with gratitude our debt to 
Dr. Helen B. Taussig for her help and guidance 
and we deeply appreciate the constructive criti- 
cism of Dr. Janet Hardy and Dr. Catherine 
Neill in preparing this paper, and we are grateful 
also for the technical assistance of Mr. T. M. 
Frazier for evaluation of these figures. 
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Precocious puberty due to secreting 
chorionepithelioma (teratoma) of the brain 


Ogden C. Bruton, Colonel, MC, USA,* 


Douglas C. Martz, Captain, MC, USA, and 


Earl S. Gerard, Major, MC, USA 


EARLY puberty in children with various 
kinds of brain tumors in the general area of 
the hypothalamus is not uncommon.** The 
hormone release mechanism is not clearly 
defined in these cases although some in- 
vestigators have felt that certain of these 
tumors themselves secrete a hormone which 
influences sexual development.* One case of 
a primary intracranial chorionepithelioma 
with metastases to the lungs in a 15-year- 
old boy is reported in which central nervous 
system symptoms predominated.’ Chorionic 
gonadotropins of high titer were found in 
the urine, cerebrospinal fluid, and neoplastic 
tissue, although signs of virilism were not 
reported. A search of the literature fails to 
reveal a single instance of a secreting chori- 
onic brain tumor in a male where proof is 
given that hormonal activity of the tumor 
was responsible for the changes observed. 

We have had the opportunity of observing 
the development of precocious puberty in 
a 7-year-old boy which, after prolonged 
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study, was diagnosed as being attributable 
to a teratoma of the third ventricle which 
contained a secreting chorionepithelioma. 
The unique nature of this case and the dif- 
ficulty in recognizing the cause would seem 
to justify this report. 


CASE REPORT 


Four months prior’ to referral this 7-year- 
old white boy was noted by his parents to 
be growing and developing unusually rap- 
idly. The weight increased within this time 
from 57 pounds to 70 pounds, the shoe size 
changed from 12% B to 1 E, and the shirt 
size from 8 to 10 years. Acne, axillary and 
pubic hair, a deep voice, prominent mus- 
cles, and a large penis developed. There 
were no other complaints in a detailed sys- 
temic review, and there was no personality 
change. He continued to do well in school 
and appeared unconcerned with the changes 
occurring in the body. 

The father, 28 years of age, and the 
mother, 31 years of age, were living and 
well; puberty for each of them had occurred 
between 12 and 13 years of age. A 17- 
month-old female sibling was normal. There 
were no deviations from normal in other 


kinships. 
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Fig. 1. Patient at time of first admission, aged 
7%2 years. 


The patient’s birth and early development 
were normal. He had a tonsillectomy during 
the sixth year of life following rubella, 
rubeola, epidemic parotitis, and varicella, 
all of which occurred in rapid succession. 
There were no complications with any of 
these except bleeding which required a 
transfusion of blood following the tonsillec- 
tomy. There had been no _ unexplained 
fevers or central nervous system symptoms. 

On admission, April 6, 1959, the height 
was 51'% inches, the weight, 72 pounds; the 
blood pressure, 105/60, and the pulse, 80 
per minute. He was unusually developed 
and appeared to be both emotionally and 
intellectually older than the stated age of 
7¥%_ years (Fig. 1). There was acne over 
the face and back. There was no significant 
lymph node enlargement. The eyes, ears, 
nose, and throat were normal. Fundoscopic 
examination of the eyes were normal. The 
lungs, heart, and abdomen were normal. 
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The pubic hair was gynecoid in distribution, 
and the penis measured 9 cm. in length. 
The testes appeared approximately normal 
in size for his age, and there were no ab- 
normal masses palpable in the scrotum. 
Rectal examination revealed an easily pal- 
pable prostate which was thought to be 
definitely enlarged, but no fluid was pro- 
duced on massage. Detailed neurological ex- 
amination was within normal limits, and 
there was no intracranial bruit. 

Laboratory data revealed a normal hemo- 
gram and urinalysis with specific gravity, 
1.035; serum sodium, 142 mEq. per liter: 
potassium, 4.7 mEq. per liter; bicarbonate, 
23.7 mEq. per liter; chlorides, 104 mEq. per 
liter; calcium, 5.1 mEq. per liter; phos- 
phorus, 5.6 mg. per cent; blood urea nitro- 
gen, 15 mg. per cent, and alkaline phos- 
phatase, 23.8 Shinowara-Jones-Reinhart 
units. Twenty-four —hour urinary hormone 
determinations revealed: 17-hydroxycorti- 
coids, 1 to 3 mg. (Porter and Silber); 17- 
ketosteroids, 3.2 to 5.5 mg.; pregnanetriol, 1 
to 1.6 mg.; dehydroepiandrosterone, nega- 
tive;* A-Z pregnancy test, positive; A-Z 
quantitative titer greater than 1,600 and 
less than 3,200 M.U. per liter. There was 
no suppression of the urinary 17-ketosteroids 
when 2 mg. of triamcinolone was admin- 
istered 4 times daily for 6 days. Following 
administration of 40 units of ACTH twice 
a day for 2 days, there was a rise in urinary 
17-hydroxycorticoids to 27 mg. per 24 hours. 
Visual fields were normal. Two electroen- 


cephalograms were reported to be normal. ° 


Excretory urograms and x-rays of skull, 
chest, and long bones were normal, and the 
bone age was estimated to be 9 to 10 years. 
Testicular biopsy showed hyperplasia of the 
spermatocytic precursors and the interstitial 
(Leydig) cells. There was an arrest of matu- 
ration at the secondary spermatocytic phase, 
and no mature sperms were found. 

During the 2-month period of observa- 
tion more body hair became apparent and 
face shaving was started. The testes ap- 


*Courtesy of Dr. Cleveland, the Johns Hopkins Hospital. 
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peared larger than on admission and meas- 
ured 3 cm. by 1% cm. The patient re- 
mained asymptomatic. Various consultants 
added to the accumulation of data, but a 
specific diagnosis was not possible. In the 
absence of supporting evidence of intra- 
cranial disease, the neurosurgeon could not 
be persuaded to investigate the brain at this 
time. On the basis of the large amount of 
gonadotropin which was being excerted, a 
teratoma with placenta tissue (or chorio- 
carcinoma) at an undetermined location in 
the body seemed likely. Therefore, on June 
18, 1959, 6 months after virilism was first 
noted, a complete and careful abdominal 
exploration was carried out in search of a 
tumor. No tumor was located and the adre- 
nals and periaortic nodes were found to be 
normal grossly and on microscopic exam- 
ination. 

Repeated and continued studies gave no 
positive clue of the source of the gonado- 
tropins and in view of the negative abdom- 
inal exploration, pneumoencephalography 
and posterior fossa craniotomy were per- 


formed on Aug. 18, 1959. Although the 
initial study of the films suggested a pos- 
sible mass in the third ventricle, as well as 
a possible mass in the occipital region, the 
latter was chosen for exploration because of 
its accessibility. The lower end of the vermis 
was split a short distance, and the cerebellar 


Fig. 2. Right parasagittal section of fresh brain, 
showing the large hemorrhagic neoplasm dis- 
tending the third ventricle. 
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Fig. 3. Section of teratoma, showing variation in 
epithelial components, including several well- 
formed glands and one structure resembling se- 
baceous gland. (Hematoxylin and eosin stain. 
Original magnification <110.) 


hemispheres were examined and retracted 
laterally which allowed the fourth ventricu- 
lar floor to be seen, but no abnormality was 
visualized. Laminograms of the skull taken 
the following day appeared to show a soft 
tissue density on the roof of the third ven- 
tricle. 

Recovery from the foregoing procedure 
was surprisingly rapid, and the patient con- 
tinued without signs or symptoms referable 
to the central nervous system. He did ap- 
pear more masculine by photographic com- 
parisons just prior to a second craniotomy 
with attempted exploration of the third ven- 
tricle on Oct. 20, 1959. Approach to the 
suspected tumor area through the corpus 
callosum was barred by large lesser veins 
of Galen. Underneath the 2 extremely large 
veins of Galen, the tissue appeared some- 
what discolored, and the surgeon was cer- 
tain that he was near a tumor, but he felt 
it unwise to proceed further. 

Again recovery was smooth, and radia- 
tion therapy to the suspected tumor site 
was started; a total of 4,000 r. were given 
from Nov. 3, 1959, to Dec. 10, 1959. 

For 3 months the boy did well at home, 
and then rather rapidly signs and symptoms 
of increased intracranial pressure developed 
with headache, vomiting, and bilateral papil- 
ledema. A palliative right ventriculoatrial 
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Fig. 4. Section of teratoma, "disuhe area of 
choriocarcinoma with early degenerative changes; 
a retaining layer of syncytial cells still persists 
between the blood-containing sinuses and sheets 
of Langhans’ cells. (Hematoxylin and eosin stain. 
Original magnification <110.) 


shunt was performed on March 19, 1960. 
The shunt appeared to function; however, 
his condition deteriorated progressively with 
increasing headache, lethargy, disorienta- 
tion, coma, and rigidity. Terminally, he ex- 
perienced a large gastrointestinal hemor- 
rhage. He died on April 22, 1960, 12 months 
after the first admission to the hospital. 
Although the results were available only 
after death, the very comprehensive assays* 
on the urine of March, 1960, are given as: 
ketosteroids, 9.6 mg. per day; pregnanediol, 
8.76 mg. per day; estrogens, less than 1 
R.U. per 100 ml. Gonadotropin levels were: 
(1) intact immature female rat, 100,000 
R.U. per liter or 82,500 R.U. per day; (2) 
hypophysectomized female rat, negative at 
0.1 to 50 ml. (at operation 21 days, assay 
26 days, autopsy 30 days); (3) same as 2. 
Check for interstitial cell repair in ovaries, 
10,000 units of interstitial-cell—stimulating 
hormone (ICSH) per liter; (4) hypophysec- 
tomized male rat, 10,000 to 20,000 units of 
ICSH per liter (ventral prostate and sem- 
inal vesicle tests); (5) constant estrus rat, 
10,000 units of luteinizing hormone (LH) 
per liter (ovulation test); and (6) Weaver 


*Courtesy of Drs. D.C. Johnson and Emil Witachi, Uni- 
versity of Iowa, Iowa City. 
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Finch (Paradise Wydah) test, 1,000 WFU 
of luteinizing hormone per liter. 

Dr. Witachi commented that the analysis 
of the gonadotrophins showed only chori- 
onic gonadotropin present. No response in 
the hypophysectomized female rat was in- 
terpreted as meaning complete absence of 
follicle-stimulating hormone. LH or ICSH 
was present as indicated by the check for 
interstitial cell repair in the ovaries of the 
hypophysectomized female rat, and the ven- 
tral prostate and seminal vesicle test in the 
hypophysectomized male rat. The ovulation 
test in constant estrus rats showed 10,000 
units of LH per liter of urine. The Weaver 
Finch test was very helpful because it does 
not depend on any part of the genital sys- 
tem, but is a direct somatic reaction to LH. 


AUTOPSY FINDINGS 


Gross examination. Autopsy was _per- 
formed 12 hours after death. The general 
appearance of the body was that of a pu- 
bertal male of the age of 13 or 14 years, 
weighing 66 pounds, and measuring 60 
inches in length. The skin of the upper 
back, face, and neck contained many acne- 
form lesions. A heavy growth of hair was 
present on the extremities and in the pubic 
area, and there was a fine beard and mus- 
tache. Many healed surgical scars were 
present in the area of the head and neck, 
plus one old midline abdominal scar. The 
general muscular configuration was that of 
an adult male. 

The peritoneal cavity, retroperitoneal 
area, and the contained organs were re- 
markable mainly for old adhesions and the 
surgical absence of the appendix and of the 
lateral pole of the right adrenal. The adre- 
nals weighed 3.7 grams on the right and 5.4 
grams on the left; they were otherwise nor- 
mal. The liver contained no neoplasm on 
section, and search for neoplasm in the ret- 
roperitoneal lymph nodes was unrewarding. 
The source of the recent gastrointestinal 
bleeding was found to be a small duodenal 
ulcer, 3 mm. in diameter, on the posterior 
wall of the postbulbar area. 

The right testis weighed 7 grams and 
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the left one 9 grams. The cut parenchymal 
surfaces were tan and slightly bulging, dif- 
fering from normal adult parenchyma only 
in their less velvety appearance and in the 
failure of the tubules to string. Careful palpa- 
tion and serial sections of each testis, cre- 
ating sections | to 2 mm. in thickness, failed 
to reveal any foci of neoplasm or scars 
(other than that of biopsy). The prostate 
simulated that of a young adult in size and 
had a normal adult appearance on section. 
The seminal vesicles were well developed 
and contained mucinous tan fluid. 

The heart, mediastinum, and neck were 
remarkable only for the presence of the un- 
obstructed plastic tubing of the ventriculo- 
atrial shunt subcutaneously in the right up- 
per neck and scalp, and inside the right in- 
ternal jugular and innominate veins, superior 
vena cava, and right atrial cavity. The 
lungs showed mild purulent bronchitis and 
foci of bronchopneumonia in both lower 
lobes, plus a small recent embolus in an 
arterial branch to the left lower lobe. 

The brain was markedly and diffusely 
edematous, weighing 1,580 grams. Many ad- 
hesions in the areas of operations were en- 
countered. The dural venous sinuses were 
normal. An old surgical tract through the 
cerebellar vermis ended in the fourth ven- 
tricle. The major finding was a large neo- 
plasm measuring 6 by 5 by 6 cm., filling and 


Fig. 5. Section of testis, showing diffuse hyper- 
plasia of interstitial cells of Leydig. Seminiferous 
tubules of pubertal type. (Hematoxylin and eosin 
stain. Original magnification <110.) 
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distending the third ventricle and bulging 
through the dilated foramina of Monro to 
abut against the lateral walls of the greatly 
dilated lateral ventricles (Fig. 2). The neo- 
plasm caused a downward displacement and 
effacement of the floor of the third ven- 
tricle. Demarcation of this mass from the 
surrounding brain was very sharp. The point 
of best attachment of neoplasm to the wall 
of the ventricle was in the posterior portion 
of the roof of the third ventricle. The neo- 
plastic tissue was composed largely of hem- 
orrhagic areas in its inferior half, while the 
dorsal and superior portions were soft, shag- 
gy, and gray to white on section. An es- 
timated 40 per cent of this mass was im- 
mediately removed, placed in a deep-freeze, 
and subsequently submitted to Dr. Johnson 
and Dr. Witachi for hormonal assays. The 
eluate obtained upon thawing the specimen 
gave positive tests for only chorionic gon- 
adotropin. These assays paralleled the po- 
tency found in the urine. No attempt was 
made to analyze the hormone content sepa- 
rately of various portions of the tumor in 
relation to the microscopic appearance. 
The pineal body was identified, posterior 
to and separate from the neoplasm. The 
pituitary was normal in all respects, al- 
though the infundibular stalk was shortened 
as a result of the downward displacement 
of the floor of the third ventricle. 
Microscopic examination. Sections of the 
intracranial neoplasm presented the kaleido- 
scopic appearance of a malignant teratoma. 
Many areas were very poorly differentiated, 
with many bizarre cells and mitotic figures. 
Sarcomatous areas, e.g., leiomyosarcoma, 
were found, as well as epithelial structures 
resembling glands of the gastrointestinal 
tract, upper respiratory tract, and piloseba- 
ceous apparatus (Fig. 3). Frequently, fields 
resembling embryonal carcinoma or semino- 
ma of the testis were encountered. Most sig- 
nificant were large areas of unmistakable 
choriocarcinoma, with malignant syncytial 
trophoblasts interposed between blood-filled 
sinuses and sheets of malignant cytotropho- 
blasts (Fig. 4). Sections of the lateral walls 
of the third ventricle, after the neoplasm 
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was bluntly separated from them, revealed 
no residual neoplasm. The sections from the 
posterior roof of the third ventricle showed 
small fingerlike extensions of neoplasm into 
the adjacent corpus callosum. The section of 
the separate pineal body revealed no neo- 
plasm. The pituitary and adrenals were un- 
remarkable except for old capsular and peri- 
capsular fibrosis. 

No neoplasm was identified in any of the 
viscera or lymph nodes. Multiple sections of 
both testes showed no microscopic neoplasm 
or foci of scarring other than in the area of 
the biopsy. The testes, however, were strik- 
ing for the extreme diffuse increase in num- 
ber of the interstitial cells of Leydig (Fig. 
5). Nodules of Leydig cells were found even 
in the tunicae albugineae. The seminiferous 
tubules were well developed and contained 
normal spermatocytic precursors in great 
numbers, up to and including secondary 
spermatocytes, but only rare spermatids and 
no spermatozoa were present. The prostate 
and seminal vesicles had reached an adult 
stage of development. 


DISCUSSION 


It is evident that an early diagnosis could 
not be established in this case. The relatively 
low excretion of 17-ketosteroids, the in- 
crease in size and demonstrated maturation 
of the testes on biopsy, and an excellent in- 
crease in urinary excretion of compound F 
after stimulation with ACTH suggested 
that we were not dealing with adrenal hy- 
perplasia. The symmetrical growth of both 
testes, an early biopsy showing Leydig cells 
to be quite hyperplastic, and the lack of 
evidence of microscopic tumor was against 
the presence of any type of endocrine tumor 
of the testes. At that time there was nothing 
to indicate a hypothalamic lesion as the 
cause of the precocity. Wjth the high con- 
centration of gonadotropins one could only 
speculate that a secreting tumor, possibly 
teratoma with placental tissue, must be pres- 
ent some place in the body. With no further 
lead it seemed reasonable to surgically ex- 
plore the patient’s abdomen for such a 
tumor, but none was found. The procedure 
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did, however, give an opportunity to ob- 
serve the adrenals, which were grossly and 
microscopically normal. It then became 
clear that we had to look further for a tu- 
mor. On the basis of probability and with 
no indicative neurological findings, ventricu- 
lar air studies were performed; they re- 
vealed what appeared to be a remarkably 
large brain tumor. Since the most common 
tumor responsible for the clinical pattern 
of the boy has been associated with the 
pineal body with a secondary influence on 
the pituitary, it was thought that such a 
lesion was the most likely one. Hormonal 
assays have definitely ruled out this possi- 
bility by the unequivocal demonstration 
that the large amount of gonadotropin in 
both the urine and the tumor eluate was of 
chorionic origin only. 

Teratoma associated with precocious sex- 
ual development in the male is rare. One 
presacral teratoma containing androgen- 
producing tissue has been described in a 
9-month-old male infant.* In this instance 
there appeared good evidence from the his- 
tologic picture and from demonstration of 
the hormone by bio-assay that the tumor 
did contain functioning adrenal cortical tis- 
sue. It has also been considered that a tu- 
mor arising from the pineal body may by 
virtue of its location cause precocity. There 
is, however, no evidence of hormonal stud- 
ies to prove this concept. We think that we 
have adequate proof that the tumor found 
in our patient’s brain was in itself responsi- 
ble for the precocity and in this respect rep- 
resents a unique and heretofore unpublished 
observation. 


SUMMARY 


An instance of precocious puberty in a 
7-year-old boy has been presented. After ex- 
tensive study to exclude adrenal dysfunc- 
tion, testicular tumor, and teratoma else- 
where in the body, a tumor of the third ven- 
tricle was found. The tumor was a teratoma 
and contained a secreting chorionepitheli- 
oma. Although it has been suggested that 
brain tumors may themselves secrete a hor- 
mone which influences sexual development, 
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no proof of this has been found in the litera- 
ture and we believe in this respect our case 
is unique. 
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Cebocephaly with endocrine dysgenesis 


Report of 3 cases 


J. C. Haworth, M.D., M.R.C.P.,* Harry Medovy, M.D., F.R.C.P.(C), 


and A. J. Lewis, M.B., B.S. 


WINNIPEG, MANITOBA 


THERE is a group of malformations in- 
volving the absence of the olfactory nerves 
and tracts and varying portions of the rhin- 
encephalon (arhinencephaly) with abnor- 
malities of the structures of the skull and 
face. The most severe of these malforma- 
tions is cyclopia in which the orbits are 
fused and the nose is represented by a 
proboscis-like structure usually above the 
orbit. This condition is fortunately not com- 
patible with life. In other types of arhinen- 
cephaly, while there may be malformations 
of the nose, lips, and palate, the orbits are 
separate but may be set abnormally close 
together (hypotelorism). One variety has 
been called cebocephaly (monkey head) be- 
cause the rudimentary nose recalls that of 
the platyrrhine monkcys. This monstrosity 
was apparently first described by Geoffrey 
St. Hilaire in 1836. In a search of the lit- 
erature of the past 44 years, we have been 
able to find reports of only 2 cases of cebo- 
cephaly" ? although there is brief reference 
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to another case by Yakovlev,* and Potter* 
shows illustrations of 2 cases but no details 
are given. One other case report is listed 
but the original article is not available to 
us.° Within the past 6 months we have seen 
2 examples of this malformation and have 
been able to obtain details of a third case. 
We are aware of 2 other cases which have 
not been published so far; there may be 
others. In view of the apparent infrequency 
of the condition and because 2 of our cases 
showed abnormalities of the endocrine sys- 
tem we think the following report may be 
of interest. 


CASE 1 


This baby girl was born after a 38 weeks’ 
gestation. The birth weight was 6 pounds 
(2,720 grams); length was 17% inch (43.8 
cm.). The mother was a mentally deficient, 
unmarried girl, aged 28 years. For obvious 
reasons it was difficult to obtain an accurate 
prenatal history, especially with regard to 
the possibility of the use of abortifacients in 
early pregnancy. There was no history of 
maternal bleeding during pregnancy. The 
baby’s breathing, color, and tone were very 
poor at birth, and an Apgar rating of 3 was 
assigned 60 seconds after birth. 
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The infant was grossly malformed (Fig. 
1). The face and head of the infant pre- 
sented a grotesque appearance. The head 
was small with a receding forehead, eyes 
placed close together, and a proboscis-like 
structure representing the nose was situated 
in the midline. The head circumference was 
1134 inches (29.8 cm.). The anterior fon- 
tanel was small, admitting the tip of one 
finger. The posterior fontanel measured 2.5 
by 1 cm. Both pupils were small and cen- 
tral, but the right did not react to light. 
The fundi were normal. The structure rep- 
resenting the nose had a single opening with 
no septum. There was complete obstruction 
of the single choanal passage as determined 
by inability to pass an 8 F catheter more 
than 1 cm. and later by obstruction to the 
entrance of instilled Dionosil as shown by 
radiography. The palate was long, narrow, 
and almost flat with several anteroposterior 
grooves. The feet were inverted and the toes 
dorsiflexed. Fingers and toes appeared to be 
longer than normal. The baby was markedly 
hypotonic with a poorly sustained Moro 
reflex. Normal female genitals were pres- 
ent. Physical examination was not other- 
wise remarkable. 

The infant had considerable difficulty 
with respiration, requiring a tracheotomy 
for relief. Respirations continued to be ir- 
regular. Moderately severe icterus became 
evident at 12 hours. She died when 72 
hours of age. 

Laboratory findings. A radiograph of the 
chest showed no significant abnormalities 
and the heart size was normal. A radiograph 
of the skull showed a small cranium and a 
rather shallow sella turcica with ill-defined 
anterior clinoid processes. The hemoglobin 
level was 20 mg. per 100 ml. The white cell 
count and differential were within normal 
limits. The serum bilirubin at 48 hours of 
age was 16.5 mg. per 100 ml. (direct 1.7 
mg. per 100 ml.). The direct Coombs test 
was negative. The blood group was A, Rh 
positive. The urine contained albumin, 75 
mg. per 100 ml., but was otherwise normal. 
Chromatin-positive cells were present in a 
buccal smear. A bone marrow aspiration 
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after colcemid administration showed a 
normal chromosome count and morphology. 

Autopsy. The vault of the skull showed 
marked overriding of bones and the anterior 
fontanel was small (15 by 12 mm.). The 
metopic suture was almost closed. No falx 
cerebri was present and the superior sagittal 
sinus was rudimentary. Structurally the 
meninges were normal except at the base 
of the forebrain where they were thickened 
and inseparable from the brain. The con- 
figuration of the dural sinuses was not un- 
usual. 

The brain weighed 150 Gm. (normal 300 
to 350 grams) and showed fused frontal 
lobes and rather poorly demarcated temporal 
poles. The superior frontal, parietal, and 
occipital regions were absent, leaving a free 
edge of hemispheral substance which was 
crescentic and fused at its extremities with 
the floor of the cerebrum lateral to a median 
mass. Beneath this free edge was a semi- 
discoid space representing the fused lateral 
and third ventricles. This space communi- 
cated by an opening 5 by 4 cm., defined by 
the free edge, with a cystic space occupying 
the rest of the vault (Fig. 2). 

In the base of the forebrain, below the 
crescentic opening, lay a median mass about 
2.5 by 3 cm., with a poorly marked median 
groove terminating posteriorly in the aque- 
duct. On either side, laterally and parallel 
to the median groove, ran a small ridge to 
which were attached brownish tags of 
choroid plexus. The basal ganglia could not 
be identified. The lining of the fused ven- 
tricle and of that part of the median mass 
between the lateral ridges as far back as the 
aqueduct was ependymal. Lateral to these 
ridges pia-arachnoid covered the mass and 
was continuous laterally with that covering 
the cerebrum and posteriorly with that 
covering the tentorium and forming part of 
the cyst wall. 

The leptomeninx split at a level about 2 
cm. outside the crescentic margin. Outside 
this a single layer descended on the external 
cerebral surface. Inside, the lowest layer 
descended over a rather smooth noncon- 
voluted surface to join ependyma at the 
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Fig. 1. Faces of Cases 1, 2, and 3 (from left to right). 


free edge; the uppermost layer lined the dura 
to form the wall of the cyst in the vault. 
Neural material was not identified in this 
wall which appeared entirely meningeal. 

The base of the forebrain, anterior to the 
pons, was a mass of firm grey tissue, largely 
formed by the meninges which could not 
be stripped away. From this mass emerged 
the optic and oculomotor nerves. It was 
entered by the internal carotid arteries and 
from it issued the anterior and middle cere- 
bral branches, the latter small and supplying 
the posterior quarter of the ventral cerebral 
surface and part of the cyst wall. No in- 
fundibulum was seen, and the pituitary 
gland was absent. No olfactory nerves, bulbs, 
tracts, or striae were seen. The cerebral 
convolutions were quite unlike those of the 
normal brain. 

The form of the brain stem and cere- 
bellum was fairly normal. The corpora 
quadrigemina were partially fused to form 
a single mass. The pons was small. Pyramids 
were absent from the ventral medullary sur- 
face and no decussation was observed. With 
the exception of the olfactory nerve the 
cranial nerves were all present. The basilar 
artery branched normally, the posterior 
cerebral branches being small and supplying 
the cyst wall. The spinal cord appeared 
within normal limits and the spinal nerves 
were normal. 


Gross sectioning of the cerebrum showed 
poor differentiation of white from grey 
matter. The median mass was composed of 
grey matter, presumably thalamic in nature 
and no evidence of basal ganglia was seen. 
No internal structure was discerned in the 
midbrain but the pons, cerebellum, and 
medulla appeared normal apart from the 
absence of pyramids. Sections of the cord 
showed small lateral columns. 

In the base of the skull there was no 
pituitary fossa or sellar diaphragm. The 
posterior clinoid processes were partly fused 
to a single mass and the anterior were 
rudimentary. There was no crista galli and 
the cribriform plates were represented by 
shallow smooth depressions. The greater 
sphenoid wing was underdeveloped and the 
anterior and middle fossae were not sharply 
delimited. 

A probe could be passed only about 1 cm. 
into the nostril. Studies of this area, which 
are continuing, showed an absence of nasal 
septum structures (i.e., septal cartilage, 
vomer, and median ridges of palatine and 
palatine processes of maxillary bones). The 
anterior ossification center of the body of 
the sphenoid was maldeveloped, the orbital 
plates were fused in the midline, and there 
was fusion of the body of the sphenoid and 
hard palate. The anterior nostril was full of 
fatty tissue and no respiratory or olfactory 
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epithelium could be shown. The posterior 
choana, soft palate, uvula, and pharyngo- 
tympanic tubes appeared fairly well formed. 

Permission was not obtained for removal 
of the eyes. 

The adrenal glands were small, weighing 
together about 0.5 gram (normal 4 to 5 
grams). They were approximately equal in 
size and normal in shape. The cut surface 
showed no lamination. Histologically they 
showed no fetal cortex and were made up 
of small lobules of polygonal cells with pale 
cytoplasm, separated by strands of fibrous 
tissue (Fig. 3). The smallest of these clumps 
resembled tubules. There was extreme cyto- 
plasmic vacuolation except at the edges of 
the glands, where the cytoplasm was less 
vacuolated and showed some amphophilia. 

The thyroid gland weighed 0.46 gram 
(normal 0.8 to 1.1 grams) and was normal 
in shape. The lobules were small and sep- 
arated by fibrous strands. They were com- 
posed of irregular acini lined by very flat 
cells and containing extremely pale colloid 
(Fig. 4). These changes seemed to be an 
exaggeration of the immaturity seen in 
normal premature infants. 

Serial sections were made in the region 
of the pituitary fossa and no pituitary tissue 
was found. Other endocrine tissues were 
grossly and histologically normal. 

The spleen weighed 14 grams and was 
fissured; there was a small accessory spleen. 

The lungs showed areas of atelectasis with 
moderate edema and shedding of septal cells. 
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No gross or histologic abnormalities were 
seen in other organs. 


CASE 2 


This baby girl was born in a country 
hospital. The mother had had polyhydram- 
nios during her pregnancy and the baby 
was born following artificial rupture of the 
membranes. The father was 30 years old; 
the mother 27 years and both were healthy. 
There were 3 older normal children includ- 
ing twins. The baby was noted to be ab- 
normal at birth, was cyanosed, and in re- 
spiratory distress. An oral pharyngeal airway 
was inserted and the baby was transferred 
to the Children’s Hospital, Winnipeg, when 
24 hours old. 

On examination the baby’s general con- 
dition was fairly good and she was breath- 
ing easily through the airway. She weighed 
6 pounds, 4 ounces (2.8 kilogram) and was 
20 inches (51.8 cm.) in length. The head 
appeared small and was only 1134 inches 
(29.8 cm.) in circumference. The anterior 
fontanel was patent but small. The facial 
appearance was striking (Fig. 1). The orbits 
were set close together and the eyes were 
small, making examination of the fundi un- 
satisfactory. The nose was rudimentary and 
contained a single nostril through which it 
was impossible to pass a small catheter 
(5 F). The palate appeared abnormally 
narrow. She cried fairly normally but ex- 
hibited a poor Moro reflex and no grasp 
reflex could be obtained. The external 


Fig. 2. Dorsal views of the brains of Cases 1, 2, and 3 (from left to right), showing the 
absence of parietal and occipital cortex and looking down into the single ventricles. 
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genitals were those of a normal female 
infant. No abnormalities were detected in 
the lungs, heart, or abdomen. 

The baby became very distressed and 
cyanotic when the airway was removed. 
The presence of choanal atresia was con- 
firmed by radiography with the use of con- 
trast medium. The nose was then examined 
under anesthesia, and it was found that 
operation was not feasible. A tracheotomy 
was performed. Thereafter, the baby’s con- 
dition remained fairly good except that she 
was limp and unresponsive. Because there 
was no sucking reflex, she was fed by gavage. 

Laboratory findings. At 4 days of age, the 
hemoglobin level was 21.7 Gm. per 100 ml.; 
urine, normal; serum bicarbonate 16 mEq. 
per liter, sodium 139 mEq. per liter, potas- 
sium 6.0 mEq. per liter, and chlorides 116 
mEq. per liter. 

At 2 weeks of age the serum bicarbonate 
was 20 mEq. per liter, sodium 129 mEq. 
per liter, potassium 6.4 mEq. per liter, and 
chloride 100 mEq. per liter. 

Oral glucose tolerance test showed fast- 
ing blood sugar level 62 mg. per 100 ml., 
Ye hour, 125; 1 hour, 47; 2 hours, 46; 3 
hours, 43 mg. per 100 ml. 

17-Ketosteroid excretion was 1.62 mg. 
per 24 hours. 17-Ketogenic steroid excretion 
was 1.73 mg. per 24 hours. Protein bound 
iodine 7 »g per 100 ml. 

Radiographs of the skull showed a small 
cranium, both orbits appeared very close 


Fig. 3. Low power view of the adrenal cortex of 
Case 1, showing absence of the fetal zone and ir- 
regular arrangement of definitive cortical cells. 
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together and at one point were only 4.5 
mm. apart. (This is well below the normal 
range.*) The ethmoids and nasal bones were 
poorly developed but the other facial bones 
were reasonably well formed. The sella 
turcica appeared normal. A radiograph of 
the chest was normal. 

Further course in hospital. During the 3 
months the baby was in the hospital she 
lay limp and unresponsive although she 
would cry when stimulated. She never 
seemed to be aware of her surroundings. 
During the last month she had an increas- 
ing number of minor motor seizures and 
episodes of apnea and cyanosis. She died 
quite suddenly at the age of 14 weeks with- 
out exhibiting any signs of an infection. 

Autopsy. The vault of the skull was small 
with overriding bones and an anterior 
fontanel measuring only 14 by 6 mm. The 
metopic suture was almost closed. 

The development and configuration of 
the dura and leptomeninges were almost 
identical with those in Case 1, except that 
the basal thickening of the pia-arachnoid 
was less marked. 

The brain weighed 155 grams (normal 
475 to 525 grams) and closely resembled 
that of the preceding case (Figs. 2 and 5). 
There were, however, 2 small projections 
just anterior to the median mass which 
probably represented the heads of the cau- 
date nuclei. The convolutional pattern dif- 
fered from that of Case 1 but was still not 


Case 1, showing the atrophic appearance, the 
small acini, and the increase of fibrous tissue. 
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normal. A pituitary gland of normal size, 
shape, and color was present. The spinal 
cord appeared grossly normal. 

The base of the skull showed a shallow 
pituitary fossa, and the anterior and pos- 
terior clinoid processes were well developed. 
No sellar diaphragm was noted. In other 
respects the base of the skull was the same 
as in Case 1. 

A probe could be passed only about 8 
mm. into the nostril and preliminary ex- 
amination of the nasal region showed the 
same defects as in the preceding case. 

The endocrine glands appeared normal. 
The adrenal glands weighed 1,590 and 
1,875 milligrams and the thyroid 1,280 milli- 
grams, figures which are within the wide 
normal range. Histologically no abnormali- 
ties were seen. 

The lungs weighed 60 and 55 grams 
(normal about 40 and 35 grams). Several 
firm, dark red areas were noted. Histolog- 
ically these showed small foci of paren- 
chymal necrosis, necrotizing bronchiolitis, 
and intranuclear inclusions typical of adeno- 
virus infection.” 

The spleen weighed 28 grams and there 
was a single large fissure near the lower 
pole on the medial aspect. 

No gross or histologic abnormalities were 
seen in other organs. 


CASE 3 


This was a premature, Negro male infant 
who was born after a normal pregnancy 
and delivery to a healthy 19-year-old 
mother. This was her first child. The pla- 
centa weighed 355 grams. At birth the 
baby did not breathe for 50 seconds and 
resuscitation with endotracheal intubation 
was necessary. The baby remained cyanosed 
and in respiratory distress and an emer- 
gency tracheotomy was performed. 

On examination the baby was noticed 
to have a malformation of the nose with a 
single nostril (Fig. 1). There were super- 
numerary digits on both hands and feet. 
He was nursed in oxygen with high hu- 
midity and given penicillin and streptomy- 
cin. During the first 48 hours of life no 
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Fig. 5. Sagittal section of the brain of Case 2. 


stools were passed. A barium enema was 
performed and showed narrowing of the 
distal colon. There was partial obstruction 
of this area from multiple meconium masses 
with moderate distention of the large and 
small bowel proximally. Following the 
barium enema the baby had a bowel move- 
ment. 

On the fourth day of life marked jaundice 
appeared (total bilirubin 16.8 mg. per 100 
ml.). The child became lethargic, rales ap- 
peared at both lung bases, respiratory diffi- 
culty increased, and the baby died at the 
age of 5 days. 

Additional laboratory findings. The hemo- 
globin level was 12.3 Gm. per 100 ml. Blood 
culture was sterile. The urine was normal. 

Autopsy. The body weighed 1,825 grams 
and measured 47 cm. in length. The brain 
weighed 92 grams (Fig. 2) (normal 325 to 
375 grams). The hemispheres were fused 
and were of doughnut shape, surrounding 
a central opening 3.5 cm. in diameter. This 
opening communicated with a fused ven- 
tricle, on the posteroinferior aspects of 
which 2 choroid plexuses were present. No 
gyral pattern was apparent. The cerebral 
peduncles and cerebellum were displaced 
posteriorly. The foramen magnum was flat- 
tened anteroposteriorly and narrowed. The 
septum pellucidum and corpus callosum 
were absent. The base of the brain showed 
no olfactory tracts or bulbs. 

The palate showed a slightly elevated 
central raphe, on either side of which were 
2 deep grooves extending the entire length 
of the hard palate. There was no commu- 
nication between the grooves and the nasal 
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cavity. There was a single posterior choana 
communicating with the pharynx. 

The pituitary gland was not present. The 
2 adrenal glands together weighed 2.1 grams 
and showed a yellowish tan cortex some- 
what reduced in thickness. Histologically, 
the fetal cortex was very thin. The zona 
glomerulosa was thicker than normal and 
the general architecture was reminiscent of 
that seen in anencephalic monsters. 

The thyroid was grossly normal. Sections 
showed diffuse congestion with well-devel- 
oped acini containing eosinophilic colloid. 

Testes were found at the internal inguinal 
rings and showed only some congestion and 
edema of the interstitial tissue. 

The heart weighed only 6.3 grams but 
there were no structural anomalies. The 
lungs together weighed 52 grams and 
showed congestion and firmness. They did 
not float in water. The bronchi contained 
yellowish, slightly hemorrhagic mucoid ma- 
terial. Histologically there were edema, at- 
electasis, pyogenic bronchopneumonia, and 
aspiration. 

The liver weighed 92 grams and was 
grossly congested. Histologically the only 
feature was dilatation of the central vein 
and capillaries. 

There were no significant findings in other 
viscera. 


DISCUSSION 


The appearance of the faces and heads 
of these 3 babies was almost identical as 
may be seen in Fig. 1 and also very similar 
to the illustrations of other cases that have 
been described.** The malformation of the 
brain in all 3 cases was also similar (Fig. 2). 
Case 3 had polydactyly and an incomplete 
cleft palate, abnormal features not seen in 
the other 2 cases. Potter‘ mentions that a 
rudimentary sixth digit ,is almost always 
found in cebocephaly. The case reported by 
Reventos? showed this abnormality but our 
Cases 1 and 2 and de Lange’s' case did not. 
De Lange’s case in addition showed colo- 
bomata of the irides, malformation of the 
thoracic vertebrae, and a patent ductus 
arteriosus. Reventos also described a single 
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ventricle, double uterus and vagina, and 
eye abnormalities. None of these features 
were found in our 3 cases, although we did 
not obtain permission to examine the eyes 
at autopsy. 

In Case 1, no pituitary gland could be 
found and there was absence of the fetal 
cortex of the adrenals. The thyroid gland 
also appeared hypoplastic. The pituitary 
and other endocrine glands appeared normal 
in Case 2. The pituitary gland was also 
absent in Case 3 and the fetal adrenal cor- 
tex was abnormally thin. A limited inves- 
tigation of endocrine function was performed 
in Case 2 in view of the autopsy findings in 
Case 1. 17-keto steroid and 17-ketogenic 
steroid urinary excretion was within the 
normal range for age, and the protein bound 
iodine was also normal. The sella turcica 
appeared normal by radiograph examina- 
tion and the serum electrolytes, although 
not entirely normal, did not suggest adrenal 
hypofunction. The oral glucose tolerance 
test showed a rapid rise and fall of blood 
sugar, a finding difficult to evaluate. The 
abnormal brain of this child was doubtless 
incompatible with lengthy survival but it is 
unlikely that she would have lived 14 weeks 
had the pituitary been absent as in Case 1. 
Infants born with absence of the pituitary 
and hypoplastic adrenal glands apparently 
die within a few hours of birth even if there 
is no associated gross congenital abnor- 
mality.**° 

Yakovlev® described absence of the pitui- 
tary in several cases of arhinencephaly. Ed- 
monds™ could find no sign of pituitary 
glandular tissue in 3 out of 5 cases of the 
closely allied condition of cyclopia. These 
3 cases also showed reduction of the adrenal 
cortex and small thyroid glands. Anen- 
cephaly is another condition in which the 
adrenals are hypoplastic due to the absence 
of the fetal cortex. Angevine’™? showed that 
some pituitary anterior lobe tissue could 
always be found in this condition although 
he thought it was probably functionless. 
This observation is supported by the fact 
that if an anencephalic monster is given 
adrenocorticotropic hormone (ACTH) be- 
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fore death the adrenals at autopsy resemble 
those of a normal newborn infant.’* The 
function of the fetal zone of the adrenal 
cortex, the mechanism of its rapid degener- 
ation after birth, and whether it is under 
control of the fetal pituitary, the maternal 
pituitary, or the chorionic gonadotropins 
have been subjects for discussion for many 
years. Lanman** recently reviewed the evi- 
dence and considered that ACTH from the 
fetal pituitary is the tropic hormone induc- 
ing the hypertrophy and hyperplasia of the 
fetal zone. We do not feel that our limited 
observations can add anything in this regard. 

We do not propose to discuss the etiology 
of cebocephaly and related monstrosities in 
this paper, except to note that the most 
probable cause is some unknown noxious 
influence acting on the fetus during the first 
few weeks of development. Cyclopia, for 
instance, has been artificially produced by 
a number of factors during the early em- 
bryonic development of fishes.** ** There is 
no evidence for any genetic cause for this 
group of malformations and our studies in 
Case 1 appear to exclude any visible chromo- 
some abnormality. A more detailed patho- 
logic report of these 3 cases with further 
discussion of the etiology will appear later.’® 


SUMMARY 


Three cases of cebocephaly are reported. 
This malformation differs from the closely 
allied condition of cyclopia in that the 
orbits are separate, although showing hypo- 
telorism, and there is a rudimentary nose 
with a single nostril in the normal position. 
The brains of the 3 cases showed the almost 
identical malformation of arhinencephaly. 

Two cases were found to have absence of 
the pituitary gland and hypoplasia of the 
adrenal cortex and in addition one showed 
hypoplasia of the thyroid gland. The en- 
docrine system of the third case was ap- 
parently normal. Chromosome counts in one 
case were normal. 
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Symposium on adolescence: 


Introduction 


Waldo E. Nelson, M.D.* 


PHILADELPHIA, PA. 


Ir one thinks of adolescence in terms 
of an explosive phenomenon or, for those 
perhaps more aesthetically inclined, as the 
unfolding of the flower from the bud to the 
full bloom, then one sets out to determine 
the ranges of normalcy: the time of detona- 
tion, too early or too late; the strength of 
the reaction, too weak or too violent; and 
the appropriateness of the environment, too 
much or too little of many variables. 

As in other age groups, physical health 
during the adolescent period, as measured 
by the incidence of serious morbidity and by 
mortality rates, has been greatly improved 
in recent years. This general improvement 
does not lessen the need, however, for more 
thorough investigation of the patterns of 
disease in the adolescent and of their effects 
on his development. As is the case in in- 


The papers here presented in abbreviated form 
constituted the academic program for the first 
A. Graeme Mitchell Memorial Day in 
Cincinnati, Feb. 22, 1961. Under the leadership 
of Dr. Carl Ochs, former pupils, colleagues, 
and friends of Dr. Mitchell have created 

a memorial fund which will be used to aid 

the Department of Pediatrics at Cincinnati, 
especially in respect to activities related 

to the adolescent. 


This Symposium was supported in part by a 
grant from The Merck Sharp & Dohme 


Postgraduate Program. 


*Address, St. Christopher’s Hospital for Children, 
2600 N. Lawrence Street, Philadelphia 33, Pa. 


fancy, the other of the 2 postnatal growth 
spurts, reactions to disease are often altered 
in relation to the metabolic activity; in 
general they tend to be more violent than in 
periods of lesser or no-growth activity. Thus 
the adolescent period provides many oppor- 
tunities for research directed at a better 
understanding of disease processes. 

The situation in regard to mental and 
emotional health is even less clear. Increased 
attention to behavioral patterns and to men- 
tal illness might suggest that there has been 
an increased incidence of emotional dis- 
turbances among adolescents. The seriousness 
of the delinquency problem, especially in 
our large cities, tends to support such an 
assumption. However, there are inadequate 
data to indicate the relative incidence of 
frequency of behavioral disorders during 
adolescence at the present time, in compari- 
son with past years. Without failing to 
recognize that this area represents one of our 
principal challenges at the moment, it would 
seem, at least to me, that reasons for opti- 
mism concerning the dependability of ow 
youth far outweigh those for pessimism. 
But we must learn more about the adoles- 
cent and, in particular, about his environ- 
mental medium. 

In a very real sense, the outstanding prob- 
lem of the adolescent is the adult. If the 
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physician can help the parent to be under- 
standing of the child through the various 
phases of his growth, he will have made a 
considerable contribution to lessening the 
disturbances of the adolescent period. Sim- 
ilarly the physician has the opportunity to 
help the child to an understanding of the 
adult and of his (the child’s) responsibilities 
in family living. 

The question is often asked: Which cate- 
gory of physician should assume responsibility 
for the medical care of the adolescent? 
Should the adolescent be the medical re- 
sponsibility of the pediatrician, the internist, 
the general practitioner, or should we de- 
velop a new category, termed perhaps the 
adolestician? I suspect most of us would 
speak strongly against the last possibility. 
The adolescent might well receive continuing 
medical supervision by a physician in any 
of the first 3 categories, provided that the 
physician was interested in the adolescent 
and would give sufficient time to deal with 
his problems. In taking a stand against the 
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creation of a new medical specialty for the 
adolescent age group, we do support the 
segregation of interests by a few physicians 
in the field of adolescence. Such medical 
personnel would in most instances be most 
appropriately located in medical schools. 
Certainly there is a need for medical ac- 
tivities related to the adolescent, such as 
those which are represented by the interests 
of our panel members. Essential for the 
physician who proposes to provide medical 
guidance for adolescents are a deep interest 
in young people, a knowledge of their medi- 
cal problems, an ability to provide counseling 
service, and a willingness to give the time 
required. Pediatrics has as its goal the guid- 
ance of its patients through the several 
phases of growth and development in such 
a manner that they attain adulthood at 
something approaching their respective opti- 
mal capacities. The pediatrician should be 
especially fitted to continue medical super- 
vision through adolescence. In many in- 
stances, he is. 
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Secular acceleration of height and biologic 
maturation in children during the past century 


Thomas E. Cone, Jr., Captain (MC) USN* 


CHILDREN in the United States and in 
Western Europe are not only growing taller 
in successive generations but are also reach- 
ing biologic maturity at an earlier age.*® 
This secular acceleration of statural size and 
biologic maturation has been evident during 
the past century and there is as yet no proof 
that these accelerative trends are slowing 
down. An appreciation of these biologic 
variables is of importance for those inter- 
ested in human growth and development as 
well as for the clinician concerned with the 
routine health evaluation of children. Tan- 
ner® has collated growth data from many 
countries to point out that this trend is not 
limited to any one country or area. It would 
be reasonable to assume that the continuous 
lowering of the age of adolescence will pro- 
duce sociologic as well as medical effects. 


SECULAR ACCELERATION 
IN HEIGHT 


Franz Boas,’ the great physical anthro- 
pologist, over 30 years ago, took issue with 


From the Pediatric Service, United States 
Naval Hospital, Bethesda, Md. 


The opinions or assertions contained in this 
article are the private ones of the writer and 
are not to be construed as official or as 
reflecting those of the Navy Department or the 
Naval Service at large. 


yee United States Naval Hospital, Bethesda 14, 


2 generally accepted assumptions concern- 
ing the growth of children. These were that 
the physical traits of the population repre- 
sented by children of different ages remain 
the same from year to year and that all 
children pass through the periods of more 
rapid growth from birth to maturity at the 
same time. His observations showed further 
that from the middle of the past century 
the average stature of children in Europe 
increased in each country and that the 
statural increase was so significant that it 
could not be explained statistically by acci- 
dental causes alone. 

The acceleration in the rate of growth 


. probably started about a century ago. In 


1876, Roberts® stated that the average fac- 
tory child at the age of 9 weighed as much 
as one of 10 years had in 1833 and that 
there had been comparable gains in children 
at all ages of childhood beyond infancy dur- 
ing this period of 43 years. Kiil’s® review of 
the growth in stature of Norwegian men 
during the past 200 years would also suggest 
that the present accelerative phase began 
about 1830 to 1840. 

A curious and unexplained disinterest in 
physical growth and biologic maturation 
existed among physicians until relatively 
recently. The great Greek, Roman, and 
Arabian physicians apparently never de- 
scribed, or at least never mentioned, a single 
observation of human growth in terms of 
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definite units of measurement in any of their 
medical writings.’® 

Not until 1835 did the first accurate study 
of human growth from birth to maturity 
appear."* The author of this study was a 
Belgian astronomer and statistician named 
Quetelet to whom all physicians owe a debt 
of gratitude for creating the foundation upon 
which subsequent studies of human growth 
and development are based. Table I, which 
lists Quetelet’s measurements of the heights 
of Belgian children from birth until 18 years 
of age, is of historic as well as of practical 
value. His table depicts sophistication in 
the presentation of growth data; it provides 
not only the maximum and minimum limits 
of growth for each sex, but also the incre- 
ments of growth per year. These latter 
measurements reflecting the rate of growth 
per unit of time were not previously men- 
tioned by any writer with the possible ex- 
ception of the Count de Montbeillard,’* 
who measured a single individual—his son 
from 1759 to 1777. 

It was not until 1877 that there were 
growth data for children in the United States 
approximating those of Quetelet.** Com- 
parable data of statural growth of British 
children did not appear until 1883."* 

The secular trend for boys and girls in 
the United States is depicted in Figs. 1A and 
1B. These figures compare the median heights 
of Boston school children measured by Bow- 
ditch*® in 1877 with those living in the same 
city and of similar ancestry measured by 
Reed and Stuart*® during the years 1930 to 
1956 as one objective of the project known 
as the “Longitudinal Studies of Child Health 
and Development of the Harvard School of 
Public Health.” 

It is realized that in comparing Bowditch’s 
measurements with those of Stuart, one is 
contrasting the former investigator’s cross- 
sectional data with the longitudinal studies 
of the latter workers. However, merely for 
the depiction of secular trends the use of 
these 2 different types of growth data would 
not seem too indefensible. 

Figs. 2A and 2B show that the same secu- 
lar trend has occurred in Great Britain since 
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1883. It was in this year that one of the 
earliest cross-sectional growth studies was 
performed by the British Anthropometric 
Committee."* The average height values of 
British boys and girls measured in 1883 are 
noted to be considerably less than those 
measured in 1947." 

Fig. 3 shows that London schoolboys meas- 
ured over a period of 45 years have con- 
tinued to grow progressively taller during 
this period of time. In fact, the average 
height of these schoolboys has increased by 
about 7.5 cm. (3 inches). Figures from 
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Fig. 1A. Increase in mean stature of Boston boys 
measured in 1877 and during the years 1930 to 
1956. 
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Fig. 1B. Increase in mean stature of Boston girls 
measured in 1877 and during the years 1930 to 
1956. 
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Fig. 2A. Secular trend in height of boys in Great 
Britain measured in 1883 and in 1947. 


Glasgow of the growth in height of school- 
boys of comparable ages during this same 
span of years demonstrate a similar secular 
trend.* 

Fig. 4 shows the striking increase of height 
of English prep school boys of 1959 in com- 
parison with their counterparts of 1944. 
During this short period of time the height 
of the 11-year-old boy increased 2 inches; 
that of the 12-year-old boy, 234 inches, and 
that of the boy of 13 years, 24% inches.*® 

Further evidence that this is a real accel- 
erative growth trend rather than a juggling 
of unrelated samples and comparisons comes 
from the anthropometric studies from many 
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Fig. 2B. Secular trend in height of girls in Great 
Britain measured in 1883 and in 1947. 


American colleges and universities. In gen- 
eral, these studies have been based upon the 
entrance physical examinations of students. 
Those reports which have received careful 
analytic study call attention to the secular 
changes taking place in this segment of the 
American population. By comparing year 
after year the dimensions of students of the 
same age, it is apparent that the height of 
students is gradually increasing."* 

The reasons for this secular change in 
growth are not certain. Better nutrition, the 
improvement of the standard of living, the 
control of many serious diseases of childhood, 
and the ever-widening dissemination of in- 


Table I. Averages and ranges of heights of boys and girls of Belgium in 


year or years (Adapted from Quetelet) 


Range of differ- 

Height Range Height Range ences of height differ: 

Ages of boys |Maximum | Minimum | of girls |Maximum| Minimum | _ Boys Girls ences 
(years) | (M.) (M.) (M.) (M.) (M.) (M.) (M.) | (M.) | (M.) 


Birth 0.491 0.588 0.458 0.491 


Otol 0.620 0.688 - 0.504 0.620 
1 to 3 0.792 0.883 0.680 0.780 
3to5 0.947 1.011 0.882 0.898 
5 to 7 1.050 1.139 0.927 1.030 
7to9 1.176 1.215 1.150 1.112 
9to ll 1.251 1.380 1.122 1.223 
11 to 13 1.308 1.358 1.245 1.326 
13 to 15 1.412 1.454 1.360 1.440 
17 to 18 1.591 1.658 1.505 1.537 


0.520 0.452 0.130 0.068 0.099 
0.695 0.570 0.184 0.125 0.154 
0.862 0.664 0.203 0.198 0.200 
1.027 0.822 0.129 0.205 0.167 
1.150 0.958 0.212 0.192 0.202 
1.186 1.071 0.065 0.115 0.090 
1.298 1.060 0.258 0.238 0.248 
1.413 1.263 0.113 0.150 0.131 
1.500 1.339 0.094 0.161 0.127 
1.663 1.432 0.315 0.281 0.298 


*This table is a historic landmark; it is the first longitudinal growth study of a large number of infants and children from 
birth to the eighteenth year of life. 
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Fig. 3. Increase in stature of London schoolboys 
measured over a period of 45 years. 


formation concerning proper health habits 
must all play a role. However, the actual 
cause is not certain; if it be nutritional, it 
must be some dietary change considerably 
more subtle than simple increase in calories. 
Furthermore, there is evidence that the ac- 
celerative trend antedated the era of scientific 
medicine**; Mills’® postulates that the grad- 
ual change in world temperature conditions 
is an important factor in this trend. 


SECULAR TREND OF AGE 
OF MENARCHE 


If the acceleration of statural size appears 
surprising, the hastening of biologic matura- 
tion, with the use of the age of menarche 
as an index, is even more so. 


Fig. 5. Secular trend in age at menarche, 1830 
to 1960. Values are plotted at year in which the 
average menarche took place, i.e., in “recollected- 
age” data if average menarche of 40-year-old per- 
sons interrogated in 1900 was 15 years, this is 
plotted at 1875. This places old data on the same 
age scale as modern probit data. When the age 
of interrogation was not recorded an estimated 
amount has been subtracted according to the 
nature of the population studied (primiparas, 
etc.). Grouping errors have been corrected where 
necessary (i.e., “13-year-olds” centered at 13.5 
years, not 13, as in some of the older literature). 
(From Tanner, J. M.: Growth at Adolescence, 
ed. 2, Oxford, 1961, Blackwell Scientific Publi- 
cations. ) 
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Tanner,*® more than any other current 
writer, has stressed the continuous trend 
over the last 100 years toward the earlier 
occurrence of puberty in children. This 
trend is dramatically shown in Fig. 5, which 
shows the changes in the average ages at 
menarche from 1840 to 1960 in a number 
of countries. During this period, it would 
appear that the age at menarche has been 
decreasing by about 4 months per decade. 
Tanner has also remarked that there does 
not appear to be any evidence that the 
earlier onset of menarche is decelerating. 
This change which is universally observed 
in many countries and races may be regarded 
as only one phase of the general world-wide 
quickening in the physical development of 
man. 

A commonly held misconception is that 
girls in the tropics menstruate at an earlier 
age than those in the temperate zones. Re- 
cently, Israel** has shown that Indian girls 
have their menarche later than girls in 
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Fig. 4. Increase in stature of English prep school 
boys between 11 and 13 years of age during a 
recent 15-year period, 1944 to 1959. 
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England or the United States. Ellis?* in 1950 
found that the mean age at menarche of 
Nigerian girls was 14.2 years, while that of 
British nurses was almost a year earlier. 
May these differences be caused by such 
independent factors as diet, socioeconomic 
level, and environmental conditions? Al- 
though most investigators would consider 
the above-mentioned items as putative in- 
fluences, the precise cause is still enigmatic. 

As a corollary to this trend, should one 
not take this speed-up of growth into account 
when dealing with the adolescent because all 
of us tend to consider them in terms of their 
chronologic rather than biologic age? If 
growing up has been hastened, perhaps some 
of the difficulties encountered by parents, 
teachers, and even physicians, in dealing 
with adolescents may result from the failure 
to appreciate that their earlier biologic 
maturation may cause them to develop emo- 
tional, social and heterosexual interests at 
an earlier chronologic age than did their 
parents and grandparents. And, finally, 
should not this secular trend be taken into 
consideration as yet another but important 
variable in future longitudinal growth 
studies ? 


SUMMARY 


Children, at least in the United States and 
in Western Europe, have been growing taller 
and have been reaching biologic maturity at 
an earlier age as evidenced by available 
growth data for the past 100 years. 

This secular accelerative trend shows no 
sign of slackening. Possible causes for this 
acceleration of growth are briefly discussed; 
no single factor seems responsible. 

Finally, this secular trend would appear 
to be yet another but important biologic 
variable in planning future growth studies. 
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Nutritional aspects of adolescence 


J. A. Johnston, M.D. 


DETROIT, MICH. 


THE nutritional requirements of adoles- 
cence are a function of a pattern of growth 
peculiar to this period. A phase of accelerated 
speed of growth occupies about 2 years dur- 
ing which the evidences of sexual maturation 
are becoming evident; this merges into a 
decelerative phase terminating in a cessation 
of growth about 32 years after the so-called 
MG year, or “year of maximum growth.” 
A number of things are implicit in these 
alterations in speed. The rate of oxidation 
increases, in our observations,’ in the ac- 
celerative and decreases in the decelerative 
phase. This carries with it a rise and fall 
in the calorie requirement. The ability to 
retain items entering into tissue structure 
rises and falls with the sigmoid curve of 
growth. In the case of nitrogen this means 
that marginal intakes carry with them the 
danger of negative balances in the decelera- 
tive phase; while the heightened capacity 
for retention makes this unlikely in the phase 
of acceleration. 

There can be anticipated a normal varia- 
tion of 5 years in the time of occurrence 
of these events, so that the clinician must 
think now in terms of physiologic rather 
than chronologic age at this time. In the 
boy, the adolescent pattern of growth can be 
anticipated to occur approximately 2 years 
later than in the girl. Hence the landmarks 
provided by the orderly appearance of sec- 
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ondary sex characteristics will be more 
meaningful than chronologic age. 

Using as criteria, satisfaction of appetite, 
gain in height and weight, a normal basal 
metabolism, and a postive nitrogen balance, 
we concluded that the protein requirement 
for this group was satisfied when 15 per cent 
of the calories of an adequate caloric intake 
was derived from protein.* Figures lower 
than this and based on dietary surveys are 
recorded elsewhere. The calorie requirement 
can be predicted roughly by adding 90 per 
cent to the basal metabolism rate predicted 
from the Wetzel Grid. In the boy this is 
closer to 110 per cent. 

We found the calcium requirement satis- 
fied by approximately 1,300 mg.* This is 
the amount found in approximately a quart 
of milk. From sources other than milk, an 
adolescent’s diet derives about 400 mg. of 
calcium. There is a need for added vitamin 
D in this climate that would seem to be 
greater than at other periods of growth be- 
cause of the changing rates. Our studies 
showed that with 1,000 units, daily, the re- 
tention of calcium was greater than with 
smaller amounts, though there are workers 
who feel that it is not necessary to exceed 
400 units. 


TUBERCULOSIS IN 
ADOLESCENCE 


The abrupt increase in the incidence of 
the adult or reinfection type of tuberculosis 
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in the adolescent has long been associated 
in the physician’s mind with some change 
which lowered resistance at this time. We 
were able to demonstrate a direct relation- 
ship between healing and the adequacy of 
nitrogen storage in those children in whom 
the disease developed. We showed also the 
diminished retention incidental to the de- 
celerated growth that followed the menarche 
in girls.* The inference from these 2 studies 
was that there was a causal relationship 
between the diminished capacity to retain 
nitrogen and the occurrence of endogenous 
reinfection. There was implied the necessity 
for actually prescribing the protein intake 
at this age, particularly for the tuberculin 
reactor. 


OBESITY IN ADOLESCENCE 


In the middle and upper economic strata 
in this country this is a far greater problem 
than undernutrition. The role of psychogenic 
factors and the exclusion of thyroid de- 
ficiency in its causation have been stressed 
by Bruch.® It would be an oversimplification, 
however, to dismiss the problem as psycho- 
genic overeating. The facts have been veri- 
fied that they may actually eat less than 
their thin companions but be far less active,° 
and we have long underestimated the role of 
exercise. An actual pathologic lesion in- 
volving the hypothalamus or the anterior 
pituitary has been postulated and constitutes 
an objective for rewarding study. Meantime, 
our only approach will involve diet, exer- 
cise, and sympathetic handling of the psycho- 
genic difficulties that in our thinking are as 
frequently a result as they are a cause of 
the difficulty. In prescribing a diet in which 
calories are reduced, the protein should be 
increased. In particular we stress a high 
protein breakfast for the added protection 
against the low blood sugar that is often 
a source of hunger later in the day. 
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EPIPHYSIOLYSIS 


Slipping of the upper femoral epiphysis 
is a disturbance almost limited to the year 
of maximum growth during adolescence, on 
the average the twelfth in the girl and the 
fourteenth in the boy. While the theory 
which regards this as an evidence of a rela- 
tive excess of growth over sex hormone 
production is probably the most tenable, the 
fact remains that the poor or absent calcium 
retentions that we demonstrated in patients 
with this disturbance could be improved 
with an adequate intake of calcium and 
vitamin D." Since there has also been shown 
to be a reciprocal relationship between gain 
in weight and calcification of bone, it is our 
feeling that the pediatrician has a real con- 
tribution to make in the prevention of this 
disorder. In the preadolescent who is over- 
weight, the risk of this lesion should be 
pointed out and the plan to limit weight gain 
set in motion well before the occurrence of 
the adolescent spurt when it is so difficult 
to control. The need for vitamin D in this 
group seems not generally appreciated. 
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Variations in personality growth 


during adolescence 


Richard E. Wolf, M.D.* 


CINCINNATI, OHIO 


ADOLESCENCE may be defined as that 
period in the life of a person when the 
society in which he functions ceases to regard 
him as a child and yet does not accord him 
full adult status, roles, and functions. Thus, 
we see adolescence not as a chronologic 
period, but rather as a physiologic, psycho- 
logical, and sociologic span. 

Though we know that special physiologic 
changes begin to occur from age 10 to 18, 
these are only some of the changes and re- 
action to change which characterize the 
adolescent. The setting in which the ado- 
lescent changes are taking place is impor- 
tant to understand. The adolescent must 
attend school until he is 16 (in many in- 
stances he continues to be a student well 
into his twenties). He is not permitted a 
full-time job until 16. At age 18 he is sub- 
ject to the draft, but he does not acquire 
full citizenship rights until he is 21. All of 
this is without regard for the rate of his own 
physiologic and psychologic maturation. 
Just as there is variation in physiologic de- 
velopment during adolescence, there is also 
tremendous variation in personality develop- 
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ment. This is complicated by the fact that 
growth is occurring during a period when 
internal changes are taking place and while 
the environment is reacting to the altered 
behavior brought about by these changes. 
Sometimes it is difficult to ascertain how 
much of the behavior of the adolescent re- 
sults from changes within him, and how 
much derives from the reaction of the en- 
vironment to him. 
There has always been concern on the 
part of the adults of a culture -for the 
adolescent, and the place of the adolescent 
in the culture varies with the culture. 
Among primitive tribes physiologic matura- 
tion and initiation ceremony entitled the 
adolescent to enter the adult culture with- 
out difficulty. However, in our culture, 
where the gap is great between physical 
maturation and “sociologic maturation,” 
psychologic adjustment will be more com- 
plex. Certainly there is increasing concern 
for the adolescent and also concern about 
him. A fair portion of this concern grows 
out of the.anxiety aroused by the pathology 
of adolescence. Even the term “adolescent” 
signifies to many adults something worri- 
some and, therefore, pathologic. To most 
people, “juvenile” has become associated 
with “juvenile delinquent.” Although this is 
unfortunate, it is not hard to understand 
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when it is realized that knowledge about 
adolescence comes, for the most part, from 
psychiatrists, social workers, and psycholo- 
gists who see disturbed adolescents. The 
pediatrician, or family physician, who might 
have had the opportunity to see the healthy 
adolescent has not had the time or has not 
felt adequate to deal with him. 

In this symposium an attempt is made to 
outline normal adolescent development and 
to emphasize the normal variations during 
this growth period. Whether one refers to 
physical, intellectual, social, or emotional 
growth, the emphasis is on the positive, 
healthy aspects of growth between the ages 
of 12 and 22. This makes adolescence “the 
age of the final establishment of a dominant 
ego identity,” as Erickson puts it, and “it is 
then that a future within reach becomes part 
of the conscious life plan.” To look forward 
to the future implies standing in the present, 

having traveled from the past. Whether re- 
membered or not, the “before” cannot help 
but affect the “now” and the “to be.” 

If the adolescent would ask his own ques- 
tions, they would probably be something like 
this: 

“Who and what do they think I am?” 

“What do I feel I am, and what should I 

become?” 

The search for the self in relation to the 
group is the developmental task of this 
period. How does this come about? In the 
search for the answer to the first question, 
“Who do they think I am?” the adolescent 
is dealing with his own identity. In finding 
his identity he must adjust his ego to the 
social environment. In other words, this is 
concerned with ever more development out- 
ward, toward those functions of the ego that 
are apparent to others. This can be called 
the sociocentric function of the adolescent 
ego. The second question, “What do I feel 
I am and what should I become?” refers to 
the adaptation of the social environment to 
the ego. This involves ever more develop- 
ment inward, within the bounds of the ego, 
and a concern with what he feels himself to 
be—his role. This can be referred to as the 
egocentric function of the ego. 
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Individual variations in personality growth 
during adolescence make it difficult to de- 
scribe adolescents as a group. Variability 
from adolescent to adolescent (and the 
changes within the same adolescent within 
short intervals of time) is perhaps the most 
characteristic feature. The variations of 
physical growth, the timing of environmental 
changes, and the accidents and events of the 
individual’s past will help determine the pat- 
tern of the personality that unfolds during 
adolescence. 

Besides variability, there are 2 main areas 
of change shared by all adolescents: the re- 
awakening sexual interest and the pressure 
from within to be freed of dependence. The 
wish to be loved, now enhanced by biologic 
sexual urges and stimulated by the desire 
for independence, now has increased primi- 
tive strength. The pressure to be freed of 
dependence carries with it denial of the 
standards of the parents, in favor of strong 
acceptance of the philosophy determined by 
the peer group. 

The degree of activity in expressing these 
2 characteristics of the adolescent comes 
from something that can be called sensation 
hunger, which means the capacity to feel 
deeply and to invest tremendous energy in 
sensation. This voracious sensualism of the 
adolescent easily frightens the more mature 
members of his culture. He seems to have to 
get a kick or thrill out of something, to feel 
intensely, to have new experiences, new sen- 
sations. He chooses the music that will 
“send” him, he dramatizes self-visualization 
as he suffers and exults with a Castro. He 
invests his entire being in a school pep rally. 
This sensation-hunger is usually sublimated 
in cultural activities, sports, intellectual pur- 
suits, in social or political activities. Witness 
a teen-age project at a high school or recrea- 
tion center and note the elaborate produc- 
tion of a play with original sets and electrical 
work all done by the youngsters, and one 
sees the energy that can go into such an 
activity. Similarly, the elaborate planning for 
a party; the “before-the-party’ and the 
“party-after-the-party” are examples of sub- 
limation of this sensation-hunger. Sometimes 
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it may be expressed in “risk thrills,” like 
driving a car too fast. The sensation of being 
in danger or wanting to master the anxieties 
involved in the threat of physical danger 
seems to be one of the tasks he assigns him- 
self. His ability to sublimate is working well 
when he expresses this need by participating 
in difficult sports, like skiing, mountain 
climbing or skin diving. 

As if this were not difficult enough, it 
alternates with the idealism of the adolescent. 
Now he seems to be holding himself to 
standards of behavior too rigid for comfort- 
able living, even to the point of asceticism. 
By this means, the ego of the adolescent is 
bombarded by pressures which temporarily 
weaken it and results in unpredictable be- 
havior and mood swings so marked that, in 
a more crystallized personality, it would be 
indicative of serious disturbance. 

The situation brought about by his own 
stage of physiologic maturation, the environ- 
ment in which he finds himself, and the key 
persons involved, is not all the adolescent 
inust deal with. Problems of his past adjust- 
ments are unharnessed again. But now he 
has another chance to solve these problems 
that were incompletely solved in an earlier 
period of childhood. With the new skills and 
aptitudes that come from a larger, stronger, 
and a changed body apparatus, any residue 
of feelings of physical inferiority can be dis- 
solved and increased feelings of self-worth 
liberated. 

Perhaps nothing so characterizes the 
struggle of the adolescent as the conflict with 
his parents. There is a rather pathetic in- 
evitability about this; the adolescent is what 
he is because of the relationships he has had 
with his parents and the sort of experiences 
he has had. There has been love and there 
has been identification and his conscience 
has had its origins in that of parents. De- 
pendency upon another person can be an 
indication of maturity or immaturity. When 
the adolescent tries to deal with his world as 
he did in childhood, he finds it quite differ- 
ent. The increased responsiveness to his en- 
vironment that he feels and the internal 
needs accompanying his physiologic changes 
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create for him new and baffling situations. 
The drive for more independence gets in 
the way of asking advice, so he blunders 
into situations that he finds difficult to 
handle. If he becomes frightened and turns 
to parents or other adults for support, he 
dare not permit himself the reassurance he 
needs, and could get, from a mature de- 
pendency relationship. Instead, he may re- 
gress and return to the old familiar pattern 
of infantile dependency. But if he does this, 
he sees himself as having returned to child- 
hood and to him this means abandoning his 
struggle to become adult. This is such an 
intolerable blow to his pride that he resents 
the dependency for it has threatened his 
confidence in himself. In order to protest 
against his own weakness (which he wishes 
to deny) he protests angrily that his parents 
will not let him grow up and that they treat 
him like a child. Temporarily, it may seem 
easier to be angry at parents than to accept 
his own weakness. 

However, he wishes to grow up. In wish- 
ing this, he needs to tear away the roots of 
his conscience from the parent figure and to 
be able to trust in himself. And then the 
parent, having given some permission for 
him to grow up and modify the character 
of his social life, etc., is frightened by the 
apparent instability of the adolescent, tend- 
ing to inhibit him where freedom was for- 
merly implied. Now the choice of his friends 
may be the ones that seem calculated to be 
unacceptable to his parents. Often these are 
new friends or old acquaintances from for- 
mer days, now drawn together by mutual 
interests, compatibility of tastes, and shared 
annoyances with the adults about them. 
While he protests his adequacy to care for 
himself, he shows how frightened he is to 
do this, frightened by his own impulse to 
emancipate himself. Actually, when his 
quandary becomes severe, the adolescent re- 
gresses, asking for more limits, for decisions 
to be made by the parents, etc. In this para- 
dox, perhaps, lies the explanation of why it 
is that, no matter how wise a parent may 
be, he can never be right for any length of 
time with his adolescent child. To under- 
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stand and accept the desires of the adoles- 
cent and at the same time be able to re- 
linquish parental controls and _ transfer 
responsibility to him requires a neat meas- 
ure of adjustment and security on the part 
of the adult. 

When the standards of the particular fam- 
ily and the standards of the community in 
which they live are quite similar, there is less 
adjustment difficulty for the young person 
than there is when there is a wide discrep- 
ancy between the standards of his family and 
those of the community. Here it is that the 
difference between the philosophy of the 
peer group may pull strongly in one direc- 
tion and the pull of the identification and 
loyalty to parents in another. When the dif- 
ference is great, various defensive reactions 
become possible. Well known is the submis- 
sion versus rebellion reaction, or the de- 
velopment of a psychosomatic illness to keep 
- the adolescent incapacitated and free from 
decision-making. Often, fortunately, the 
adolescent and his parent can interact in a 
situation where each recognizes his disagree- 
ment but neither considers it indicative of 
disturbance in the other. 

An analogy can be drawn between the de- 
velopment of America, as a nation, and the 
development of each American adolescent. 
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Just as America is a melting pot made up of 
people from different backgrounds, so is the 
adolescent personality made up of identifica- 
tions from multiple sources in his back- 
ground. An American today grows out of 
what he has come from, been exposed to, 
and wants to become. An adolescent is what 
he is, based on what he has come from, his 
parents, and what he has been exposed to, 
to which he adds his ideas of what he is to 
become. Just as America tries to establish 
for herself a superidentity from all the 
identities of her constituent immigrants, and 
thus find a dominant identity, so too does 
the adolescent need to be able to sink his 
roots in established tradition and _institu- 
tions, but still have within him the frontiers- 
man’s urge to venture beyond, to find the 
new, the unestablished, and thereby push 
the culture a little further. Piaget said “the 
adolescent is committed to possibilities.” The 
hope for him is that he has good ones from 
which to choose, that he has the self-assertion 
to create something new, and that the adults, 
his parents, are willing for him to have 
greater success than they. 
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The zone between social acceptance 


and juvenile delinquency 


Thomas E. Shaffer, M.D.* 


COLUMBUS, OHIO 


DELINQUENCY is not a new term 
or a new phenomenon. Frequent use of the 
phrase “juvenile delinquency,” and extensive 
publicity about it have brought to the situa- 
tion in recent years a notoriety which would 
be impressive even if there were no increase 
in occurrence. There are good reasons for all 
citizens, and especially for children’s phy- 
sicians, to be interested in antisocial behavior 
of children, for it is an acknowledged prob- 
lem of the day and appears to be more 
conspicuous as the years pass. 

The number of juvenile delinquency court 
cases tripled between 1940 and 1958 which 
is a far greater increase than that in child 
population in the same period. In any year 
a little more than 2 per cent of all children 
aged 10 through 17 years will be referred 
to juvenile courts. A better idea of the size 
of the problem is gained from an authorita- 
tive estimate that 12 per cent of all children 
will at some time during their years of 10 
through 17 be referred to courts. Roughly 
20 per cent of all boys will, during this age 
period, be referred to courts, for the ratio 
of male to female delinquents is 5:1.? 

These statistics refer only to official or 
legal delinquency, the violation of laws or 
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codes which leads to appearance in court. 
Only a small part of delinquent behavior 
comes to official attention. Moreover, of 
those who are picked up by police, only 1 
of 4 reaches the court. The rest are returned 
home with a warning or placed in custody 
of the parents by the police. 

In the Cambridge-Sommerville Youth 
Study? it was found that very little viola- 
tional behavior came to the attention of the 
courts. Over a 5-year period of observation 
only 13 of 114 boys selected for special 
study were observed to be free from com- 
mission of an offense. The remaining 101 
boys committed a minimum of 6,416 legal 
infractions in the 5 years, only 95 of which 
came to the attention of the court. Only 
0.6 per cent of minor violations such as 
running away, truancy, petty stealing, and 
trespassing came into court. Eleven per cent 
(68 of 616) of serious offenses, such as 
breaking and entering, larceny, sex offenses, 
assault and drunkenness were brought into 
court. 

Nonreporting of juveniles’ violations in- 
troduces a significant factor into an under- 
standing of statistics on the incidence and 
nature of juvenile delinquency. If there is 
bias in the reporting of juvenile offenses, 
statistics do not mean very much. It is un- 
doubtedly true that there is great variation 
in the extent of complaining about viola- 
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tional behavior. One factor is social class 
distinction. It is estimated that 85 per cent 
of juvenile delinquency, as legally defined, 
occurs in the lower socioeconomic levels of 
society.* Some but not all of this disparity 
between lower and middle class behavior can 
certainly be explained by differences in re- 
porting of children to the police. Sociologist 
Porterfield has said: “The court child is 
from a socially unimportant family” and is 
“friendless.”* The unimportant person has a 
much greater chance of having his or his 
children’s violations brought to official atten- 
tion than the individual with influential 
friends. 

If it is contended that juvenile delinquency 
does not exist until the child’s case reaches 
court, it should be recognized that the per- 


sons, procedures, and biases responsible for 


bringing children into court have as much 
or more to do with delinquency data than 
does behavior of the juveniles themselves.® 
One should, therefore, be hesitant to accept 
statements about differences between de- 
linquent and nondelinquent samples of the 
child population. Certain classes of children 
get reported more often than others—boys 
more than girls, lower class more than middle 
class, some minority groups more than 
others. This point is stressed for it has often 
been said that pediatricians have no chance 
to influence juvenile delinquency because it 
occurs only among children who do not have 
private physicians. There is more antisocial 
behavior among the “private-patient type” 
than is recognized. 

Crime and delinquency in underdeveloped 
areas of the world are precipitated by pov- 
erty, lack of food and employment, inade- 
quate housing, poor schools, and other 
deprivations. What then is the cause in the 
United States where living conditions are 
favorable, where there is.plenty of food, 
where children go to school, and most fam- 
ilies are not affected by unemployment? 


SOCIOLOGICAL THOUGHTS 

ON ETIOLOGY 

As physicians, brought up on the require- 
ment for fulfilling Koch’s postulates in es- 
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tablishing the etiology of an infectious dis- 
ease, we would like to see a single factor 
solidly implicated. Others outside the circle 
of medicine have also had this idea. Im- 
pressed by the high incidence of delinquency 
in the lower class, sociologists have often 
searched for causes in the cultural milieu. 
There are indeed many factors in lower class 
social structure which contribute to de- 
linquency, such as association with criminals 
and delinquents,° identification with a crim- 
inal model,’ companionship with other boys 
in gangs,® and the existence of the so-called 
delinquent subculture,® which is the milieu 
in which an unhappy or unstable working- 
class boy can express his hostile feelings 
about his way of life and about middle class 
standards. In this way the child handles 
questions about his status—he joins a gang 
of similarly disgruntled boys as his response 
to middle class norms, such as_ school, 
achievement, ambition, etc.*° 

This delinquent subculture, which does 
not necessarily exist only in lower socio- 
economic levels, becomes a way of life in 
which youths take special satisfaction in 
defying taboos. Standards are “right” in the 
subculture if they are “wrong” by middle 
class norms. This theory contributes sub- 
stantially to understanding of delinquency 
in slum areas. 

Other sociologists have tried to explain 
delinquency on the basis of class structure 
alone. This aspect of the problem has been 
described in a report of the National Educa- 
tion Association’s Juvenile Delinquency Pro- 
ject. It was pointed out that there are domi- 
nant concerns in lower class culture: trouble 
(a concept of generalized difficulties), 
toughness, (physical strength, masculinity), 
smartness (skill at tricking the other fellow), 
excitement (thrill and stimulation), fate 
(philosophy that good or bad luck is a 
predominant factor in life), and autonomy 
(resistance to being bossed or controlled). 
These qualities lead to “normal” behavior 
which violates standards set up by middle 
class society in which the norms are based 
on a different set of values: achievement by 
work, deferment of immediate gains for fu- 
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ture goals, maintenance of family unity, 
accumulation of material goods, maintenance 
of property, and ambition to get ahead.” 
Thus, it is held that children in lower class 
culture are delinquent out of proportion to 
their misdeeds because they engage in cer- 
tain cultural practices like playing hookey, 
destroying property, taking small objects, 
and having gang fights, which are essential 
conduct in their culture but automatically 
violate certain legal norms, predominantly 
established in this country by middle class 
society. 

Logical and true as these sociologic ex- 
planations may be, the fact remains that, in 
spite of their particular environment and 
cultural norms, most lower class youngsters 
do not come to the attention of law enforce- 
ment agencies. There must be more to the 
causes of delinquency than lower class living 
and street corner society. It has been said 
that the aspirations of lower class children 
to move upward socially, in a real accept- 
ance of middle class standards, determines 
the nondelinquent behavior of most lower 
class children. Some sociologists, too, believe 
that norm-violating behavior of middle class 
youngsters may become more prevalent in 
the future as the result of borrowing of 
some lower class concerns by the middle 
class. 

If, as has been mentioned, delinquent 
behavior requires a push from within the 
youngster related to his needs and an en- 
vironmental milieu for expression of his 
needs, a look at the child’s own personality 
structure in relation to delinquency is perti- 
nent. 


NEO-FREUDIAN THOUGHTS 
ON ETIOLOGY 


Psychoanalysts have been much con- 
cerned with juvenile delinquency and have 
offered many explanations. Perhaps the most 
outstanding applications of Freudian theory 
to the problem have been those of Aichhorn, 
Friedlander, and Redl. Aichhorn™ states 
that the delinquent child is an “asocial be- 
ing,” almost exclusively interested in direct 
instinctual gratification. If his early upbring- 
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ing is faulty, these drives will only be sup- 
pressed, ready to break through for gratifica- 
tion at a timely opportunity. He believes 
that delinquency is more than antisocial be- 
havior, having characteristics of a neurotic 
symptom, but lacking the qualities of discom- 
fort and unpleasantness typical of neurotic 
symptoms. He feels that delinquents have 
little capacity for repressing instinctual im- 
pulses or for directing their energy in con- 
trolled channels. His concept is in some ways 
allied to the concept of lower class concerns 
mentioned earlier when he compares the 
delinquent to “the child who is not able to 
give up immediate pleasure for later satis- 
factions,” except that he attributes this char- 
acteristic to faulty ego development predis- 
posing to delinquent behavior: excess of love 
(especially as overgratification by the moth- 
er), excess of severity (usually an authori- 
tarian or overrestrictive father), and an 
alteration between the oversolicitousness of 
the mother and the punitiveness of the 
father. 

Fritz Redl,** an Aichhorn disciple, has 
made significant contributions to the under- 
standing of aggressive, hostile children. Chil- 
dren who hate, according to him, have a 
“delinquent ego” which permits the child to 
have guilt-free and anxiety-free enjoyment 
of delinquent, impulsive behavior. 

While these psychogenic explanations un- 
doubtedly contribute to understanding of 
many cases of delinquent behavior, the fact 
is that the majority of juvenile offenders are 
not emotionally disturbed. According to one 
estimate the preponderant proportion (75 
per cent) of the delinquent population are 
normal youngsters. There is some disparity 
in the distribution of emotional disturbance 
among upper and middle class delinquents 
(twice as many emotionally disturbed as 
showing no symptoms) compared with lower 
class offenders (1 emotionally disturbed to 4 
not so affected), but this is probably more 
apparent than real, because more offenses 
not due to psychogenic causes are reported 
among lower class children.** The offenses 
which cannot be accepted in middle class 
society and are invariably brought to court 
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(arson, homosexuality, molesting, shop-lift- 
ing, and homicide) occur predominantly in 
emotionally upset children. Therefore, the 
psychogenic explanations of delinquency do 
not account for most of the cases. 

Although there is some effect on chil- 
dren’s behavior from peer group associations, 
churches, schools, and individual acquaint- 
ances, the family exerts the most important 
control over adolescents’ behavior. In the 
lower class social structure, particularly, the 
family is notoriously unstable, loose-knit, and 
different in that it is often female-centered 
with an absence of a stable father figure. 
There are variations in the quality of family 
life in the middle and upper classes as well. 
It is not necessary to suppose that the ex- 
tremes of faulty personality development in 
the early years of life, exemplified by emo- 
tional disturbance or “sick” children, are the 
only explanation for antisocial behavior. 
Where there are inadequate supervision of 
the child at home, lack of warmth and af- 
fection, no reasonable and consistent limits 
on aggressive behavior, lack of a father, over- 
gratification, or severe punitiveness, sepa- 
rately or in combination, socially acceptable 
behavior cannot develop. 


PREDICTION ON BASIS OF 
FAMILY ITEMS 


Recognizing the influence of family cli- 
mate on children’s personality, Sheldon and 
Eleanor Glueck*® have used 5 aspects of 
family relationships to design a prediction 
scale by which to prognosticate, early in life, 
a child’s chances of future delinquency. The 
factors, weighted and scored in a prescribed 


way, are: 

1. Discipline of the boy by the father 
(overstrict; erratic; lax; firm but kindly). 

2. Supervision by mother (unsuitable or 
suitable) . 

3. Affection of father for the boy (indif- 
ferent; hostile; warm). 

4. Affection of mother for the boy (in- 
different; hostile; warm). 

5. Cohesiveness of family (unintegrated; 
some cohesion; cohesive) . 

This prediction scale has been given 
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thorough trial in New York City among chil- 
dren ranging from 5 to 6% years of age and 
has been found to be significantly effective.’® 
The import of such a scale, even for physi- 
cians who are in position to evaluate family 
relationships, is obvious. 

Another method for predicting delin- 
quency during the early years of a child’s 
life, which physicians could use to comple- 
ment critical evaluation of the family as sug- 
gested by the Gluecks, could be based on 
serious attention to parents’ complaints about 
their children’s behavior. Careful analysis 
of the early life of juvenile delinquents re- 
veals that parents have been troubled by 
these children’s disobedience, lying, and run- 
ning away during the 4 to 6-year age period. 
Such behavior is significant and potentially 
a precursor of delinquency in the right fam- 
ily and community setting. 

W. C. Reckless,’ a sociologist, has pointed 
out that there is no single cause of delin- 
quency in the United States. All of the fac- 
tors discussed may in certain instances oper- 
ate alone or in combinations. In attempting 
to explain the increasing amount of delin- 
quency, he introduces the concept that in 
our society today there is a “lack of contain- 
ment,” a lack of well-defined limits to be- 
havior, and an absence of definite roles 
for adolescents to play. He says, “It is as if 
adolescent life were played without script, 
without definite parts and directions.” 
Automation in industry and our fluid society 
in which communication and travel are un- 
impeded have affected the inner and outer 
controls. 

Reckless and Dinitz'*: *® have shown that 
one of the insulators against delinquency in 
early adolescence is a good concept of self, 
family, school, and associates. Poor family 
relationships, failure to find a role in society, 
and concerns about status contribute to poor 
self-concept. 

If prediction methods and case-spotting by 
teachers and others can reveal vulnerable 
children, it should be possible to instill more 
inner controls into normal children and to 
build up more containment in the environ- 
ment. 
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MEDICAL CONCERN 


Deisher’s*® investigation of the early medi- 
cal background of more than 100 juvenile 
delinquents showed that the parents of these 
children had been concerned about them for 
many years and they had consulted physi- 
cians years before, in most cases as the first 
search for help. Deisher concluded that par- 
ents of potentially delinquent children do 
not receive the help they need, except in the 
few instances when the problem is a physical 
one. 

The pure and simple medical aspect of 
juvenile delinquency is almost nonexistent. 
However, because physicians are in the 
strategic position of being family counsellors 
for parents of young children, regardless of 
whether the problem is physical or be- 
havioral, it follows that physicians in their 
practice or in community clinics are offered 
a most influential role in recognizing and 
controlling delinquent behavior. 

The physician’s role in delinquency would 
appear to be a real one, based principally 
on early recognition of symptoms of anti- 
social behavior and wider understanding of 
the causes contributing to its development. 
His responsibility does not end merely with 
recognizing and defining the problem, but 
extends further to active interest in and sup- 
port of nonmedical community programs, 
where the real progress in delinquency con- 
trol will be found. 
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The doctor and other factors in adolescents’ 


health and illnesses 


J. Roswell Gallagher, M.D.* 


BOSTON, MASS. 


Topay we have been asked to consider 
the effects which the environment, and par- 
. ticularly the doctor, can have on an adoles- 
cent’s health. A large order, but, because we 
have met to honor the memory of Graeme 
Mitchell, it is an especially appropriate topic 
for us. Of the major environmental factors 
affecting adolescents, people stand first. Dr. 
Mitchell had in abundance those qualities— 
warmth, kindliness, empathy, good humor— 
which serve adolescents well. He liked them. 
These qualities and how you feel about 
young people can benefit them as much as 
what you know about them. 

Before we review the ways in which cul- 
tural factors, parents, companions, doctors, 
and other people affect young people’s de- 
velopment, it may be well briefly to remind 
ourselves of what adolescents: are like. Were 
we talking about younger or about older 
people whose characteristics and needs differ 
from theirs, the effects of these factors would 
not be the same. 
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Hospital Medical Center, Boston 15, Mass. 


Among the adolescent’s outstanding char- 
acteristics are the rapidity of growth and the 
capacity to change. He is the opposite of all 
that is static or accurately predictable. The 
rapid growth in linear height brings awk- 
wardness, self-consciousness, and the sort of 
posture adults sometimes object to; it brings 
unique nutritional demands and the need to 
give special thought to such matters as stress- 
ful sports, scoliosis, and fractures through 
epiphyses. 

There are rapid changes in many areas: 
in the sebaceous glands, bringing acne; in 
the sweat glands, bringing offensive odor 
and further adding:to the adolescent’s stock- 
pile of self-consciousness; in higher levels of 
androgens and estrogens, bringing the men- 
arche, bodily changes, and new drives and 
new thoughts; in increased resistance to in- 
fection, permitting a relaxation in restric- 
tions; and in other tissue growth such as that 
of heart size and blood volume, which re- 
quire consideration when evaluating the 
child with a damaged heart. 

There are psychological changes too. 
Adolescents are resilient; variable in mood 
and behavior and interests. They often im- 
prove and decline in an unexpected fashion, 
so they demand flexibility in those who would 
deal with them, and make long-range pre- 
dictions and long-range prescriptions hazard- 
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ous and inappropriate. Those traits, and the 
greater concern with sex, the changing 
feelings toward each parent into those more 
appropriate to an adult, the acquiring 
greater ability to be independent, the con- 
cern about school, and the developing of an 
adult conscience, their own points of view, 
and knowledge of where they are going— 
each of these we need to take into account 
when thinking about them. Each, though at 
times painful for the adolescent and annoy- 
ing to the adult, is normal and natural. We 
may be upset by their acne or by their awk- 
ward strivings to be independent, but the 
underlying processes—the rise in androgen 
levels from childhood toward adult ones and 
the shift from a state of dependency toward 
independence—are as desirable as they are 
inevitable. Furthermore they can, and often 
do, proceed smoothly and without causing 
disease or conflict. Adolescence is not always 
a period of excessive stress and discord. 

True as that is, the physical and physio- 
logic processes which go on at this time of 
life too frequently furnish young people with 
one or another problem which they and we 
would like to prevent or to manage more 
effectively. What can we doctors do? How 
can we, as part of their environment, be of 
most benefit? 

Though we should not forget those genetic 
factors which make every individual unique 
and which should be taken into account in 
our thinking about each patient, it is more 
profitable here to consider that the answer 
to these questions and to the question, “What 
can we do about adolescents?” lie primarily 
in a consideration of what we can do about 
little children. It is the very early years which 
count most. If they are good ones, the 
chances that adolescence will go smoothly 
are significantly increased. 

At birth it is not too soon to think of pre- 
venting the normal processes of adolescence 
from creating problems: This is the time to 
begin to help young people and to help their 
parents. Later it will do little good to answer 
the worried parents’ question “What did 
I do wrong?” If in the first year parents 
intuitively or through their doctor’s or other’s 
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counseling see to it that the baby’s needs are 
gratified; that in the next 2 years he can 
express warm feelings, develop spontaneity, 
and learn that there are limits; that in the 
years before he goes off to school he can 
experience a feeling of integrity in his family 
and from this learn, by good example, those 
interpersonal relationships which are the 
basis for a good sexual adjustment—then 
there is less likelihood that in adolescence he 
will be resentful, demanding, suspicious, un- 
able to accept authority, overly anxious 
about sex or about becoming an adult, or 
need to seek recognition in socially inappro- 
priate ways. 

Soon many other people and many factors 
outside the home begin to exert their influ- 
ence on the child. When their own house- 
holds are small, with few cousins, aunts, 
uncles, grandparents, and brothers and sisters 
about—and, therefore, less opportunity to 
get to know both sexes, fewer people to de- 
pend upon and to learn to defer to, and a 
greater chance that ties to parents may be- 
come so strong that later they will not easily 
loosen—under those conditions the adjust- 
ment in adolescence may be more difficult. 
In this modern world this factor frequently 
obtains: some parents will need and wel- 
come our suggestions of ways to counteract it. 

Though the years from 6 to 12 are some- 
times (and from some points of view not 
fortuitously) called “the latency years,” their 
great importance to the future adolescent 
may need interpretation to parents and 
teachers. If they are joyful, friendly, success- 
ful years, the child will bring to adolescence 
a feeiing of confidence in himself and a feel- 
ing of competency which he so badly needs 
if he is successfully to meet his new chal- 
lenges. Erikson has warned, “The danger in 
this period is the development of a sense of 
inadequacy and inferiority in the child who 
does not receive recognition for his efforts.” 
This is when a lack of scholastic ability takes 
its toll, especially when no compensatory 
athletic, social, or artistic talent exists. It is 
a time when an unhappy, sarcastic teacher; 
a parent who can never give unqualified 
praise; or a bully contemporary can warp 
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attitudes and feelings. These are the years 
when excessive fat, very frequent illness, pro- 
truding ears, severe malocclusion or myopia, 
or other physical handicaps which interfere 
with success and acceptance need more than 
casual attention. Not only the conditions 
themselves, but their effect on the boy’s or 
the girl’s preparation for adolescence, need 
consideration. 

A good start in the early years is always 
to be hoped for, but it is not all. Even with 
the best of starts, subsequent unfavorable 
factors can make adolescence difficult, but 
fortunately adolescents are resilient. Since at 
this time they again re-live their early con- 
flicts, and since they have not yet developed 
strong defenses nor deeply repressed their 
worries, even with a poor start much can still 
be done to help them help themselves over 
these years. 

Adolescents would seem likely to do best 
in a society which is not so highly competi- 
tive that they always feel pushed and always 
feel hurried to make up their minds, to form 
their plans, to develop their attitudes, to 
change their feelings. You no doubt have 
heard them complain, “If I just sit, and per- 
haps dream for a minute, they want to know 
what I’m doing, why I’m not studying, why 
don’t I invite Susie to the dance.” He feels 
he has little time to think, to let his ideas 
catch up with his body; his idealism is in 
conflict with the materialism all about him; 
he doesn’t know where he’s going and he’d 
rather not, start; he feels forced to take his 
ideas at second-hand or to be trampled on, 
so he may give in, or become anxious, or do 
a beatnik or other sort of retreat. In a world 
or in a home characterized not only by com- 
petitiveness but also where so many choices 
are offered, young people’s confusion is com- 
pounded. Yet the choices—of religion, of 
careers, of places to live, of standards of con- 
duct, of beliefs—must be made, and must be 
made at a time when the child’s confidence 
in himself is low, when his former heroes 
and beliefs may be falling, and when he is 
attempting to re-adjust his feelings toward 
his parents and to develop independence. 

Some of this, the competitiveness of our 


November 1961 


society and the multitude of present-day 
choices which our ever-smaller world pre- 
sents to our young people, cannot be changed 
even if we would. We can, however, do 
much to help these young people meet these 
conditions. Young people need an adult’s 
interest, support, guidance, respect, and 
praise, but only to the extent that these 
foster their confidence and their independ- 
ence, not to the extent that these keep them 
dependent or increase their insecurity. Un- 
solicited advice, constant suggestions, and 
prodding and helping, criticism but never 
praise without a qualifying “but” (“That's 
good—it’s better than you’ve ever done be- 
fore, but next time do better”), meeting each 
idea of theirs with a better one, clinging to 
them in a possessive way—these are hardly 
calculated to increase confidence, independ- 
ence, and initiative or to make it easier for 
these young people to meet their present 
challenges and to become responsible, ma- 
ture, effective adults. 

Just as in the child’s earlier years the doc- 
tor has 2 roles during the years of adoles- 
cence, explaining the needs of the child to 
parents and in so treating disorders that they 
interfere as little as possible with the child’s 
gaining competency and acceptance. The 
doctor’s first role is to interpret to parents 
their son’s or daughter’s new needs, to advise 
and to help them in meeting these, and to 
allay the parent’s own anxieties. Since adoles- 
cents are changing, so ioo should parents 
change their feelings, ways, and objectives. 
They should yield possession, think of help- 
ing to make a man, not just of bringing up 
a child. For those parents who are insecure 
and anxious themselves, it is not an easy 
time. 

The doctor’s second role is in so caring for 
adolescents’ disorders that their changing 
physiology, their overconcern with their 
bodies, their changing feelings toward sex, 
their need for those activities which yield 
them recognition and confidence, and those 
genetic factors which make each individual 
different in greater or lesser degree from all 
others, are all taken into account. By so 
doing he becomes an ally in their environ- 
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ment; when he doesn’t, he may unwittingly 
let their bodies and their disorders work 
against the adolescent’s staisfactory develop- 
ment. Their growth as in height, breast de- 
velopment, and sexual maturation, their 
acne, their obesity—these are matters whose 
effect upon their adjustment concern the 
doctor as much as they worry boys and girls, 
and in great part for the same reasons. 
Knowing their concern with their bodies and 
their heightened and changing sexual feel- 
ings he tries to arrange such surgical pro- 
cedures as orchidopexy or cardiac surgery 
when they are needed before puberty; he 
takes gynecomastia into account; he drapes 
the child during examination, and he avoids 
the vaginal examination of the young adoles- 
cent girl; and if a brace is needed for scolio- 
sis, he gives thought to its cosmetic effect. 
Recognizing that hereditary factors make for 
differences in rate and pattern of growth, in 
biochemical pattern, in response to thera- 
peutic measures he avoids the concept of the 
average and thinks instead of individual dif- 
ferences. Realizing the need for the con- 
fidence which success in activities can yield, 
he avoids restrictions whenever he can; when 
he cannot, he tries to substitute other sources 
of recognition. He strengthens rather than 
protects or rests so that activity and stress 
will be less likely again to produce injury 
or fatigue. He remembers the worries such 
matters as marriage and a job bring to those 
who have a chronic or handicapping dis- 
order, the nutritional needs and personality 
problems of those who are obese, the special 
reasons for this age group’s menstrual com- 
plaints, and the common causes of their 
psychosomatic problems and anxieties. 
Finally the doctor, as a factor in the 
adolescent’s environment, has a third role. 
It is not a role for him alone; he may share 
it, play it alone, or leave it all to a teacher, 
a coach, an employer, a member of the 
clergy—any adult whom the adolescent likes 
and respects. Whoever this may be, not in- 
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frequently and surely in time of stress, as 
adolescents break away from home, they will 
feel the need of support. Not yet able to 
stand alone, but hesitant in this time of 
breaking away to turn to those to whom they 
are so closely tied, they may seek the tem- 
porary support of, and need to talk with 
feeling and confidentially to, some adult out- 
side their family. Given the opportunity to 
see him alone, and to sense his interest and 
respect, this important function can be their 
doctor’s. 

The environment clearly is not all, and 
of the long list of people who affect the 
adolescent, the doctor is but one. However, 
the doctor who thoughtfully counsels chil- 
dren’s parents and teachers in the early years, 
who changes his thinking about young people 
to fit their changing bodies and emotions, as 
they grow up, and who will always be ready 
to offer his attention, be a good listener, give 
advice only when asked for it, and will foster 
independence while he supports, can be a 
considerable factor in the adolescent’s de- 
velopment into an effective adult. 
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Histoplasmosis in an African child 


J. L. Lanceley, M.D., F.R.F.P.&S., D.T.M.&H.,* H. F. Lunn, M.B., F.R.CS., 
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Ir was been claimed that there is in 
Africa a form of histoplasmosis differing in 
etiology and clinical pattern from the disease 
associated with infection with Histoplasma 
capsulatum in America and other parts of 
the world. The case to be described is of 
interest as it combines clinical features usu- 
ally considered to belong to 2 distinct enti- 
ties. 


CASE HISTORY 


A male Muganda, 10 years of age, was 
admitted to Mulago Hospital on April 25, 
1958, with a history of a painful swelling 
of the right ankle for 10 weeks. A provisional 
diagnosis of tuberculosis of the ankle was 
made. The swelling had come on gradually 
without fever and there was no history of 
trauma. 
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On admission the patient was thin and 
febrile. He had a temperature of 100° F., 
pulse 115, and a respiratory rate of 26 per 
minute (Fig. 1). He was poorly nourished 
and weighed only 41 pounds. He was pale, 
but liver and spleen were not enlarged. There 
was a generalized lymphadenopathy, the 
glands on the right side of the neck and 
the right inguinal and femoral groups being 
most prominent but not tender. The right 
ankle was swollen, fluctuant, and limited in 
its range of movement. Pus aspirated from 
this joint contained polymorphonuclear leu- 
kocytes and large thick-walled budding yeast 
forms measuring 10 to 15 yp. No other or- 
ganisms were seen and no growth on blood 
agar resulted. A tentative diagnosis of blasto- 
mycosis was made. While in the hospital he 
developed a dry cough, associated with 
whooping and vomiting. Physical examina- 
tion of the chest revealed rales throughout 
both lungs. The chest film showed extensive 
bilateral, rather coarse, miliary opacities 
(Fig. 2). 
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Fig. 1. Patient at the time of admission, May, 
1958. 


On investigation the hemoglobin was 9.1 
Gm. per cent and white blood cell count 
14,500 cells per cubic millimeter (neutro- 
phils 57 per cent, lymphocytes 37 per cent, 
eosinophils 1 per cent, and mononuclears 5 
per cent). The Kahn and sickling tests were 
negative. The Mantoux tests were negative 
on 3 occasions. Sputum was negative for 


Histoplasmosis in African child 757 


acid-fast bacilli and yeasts. Histoplasmin 
capsulatum skin testing was negative on 2 
occasions. 

As a provisional diagnosis of blastomyco- 
sis had been made, a course of stilbamidine 
intravenously was begun, 330 mg. being given 
in 10 days. The patient, who had become 
afebrile for the first time one day before the 
beginning of the course, developed remittent 
fever which persisted throughout the course 
and subsided within 48 hours of the last 
injection. After 5 injections had been given, 
a papular rash appeared over the trunk and 
flexor surface of the arms; the papules were 
lentiform, nonirritating, measuring about 4 
by 7 mm. and appeared to be in the deeper 
part of the skin. This eruption gradually 
cleared. The cough began to abate 3 days 
after the completion of the course though it 
was still whooping in type. From this time 
the fever was only occasional and up to 100° 
F. Twenty-five milliliters of thick pus was 
aspirated from the right ankle on June 11. 
The overlying skin later broke down and 
formed a sinus. The aspirate contained cellu- 
lar debris, pus cells, and many double-walled 
yeast cells, which were identified as Histo- 
plasma duboisii by Dr. Jacqueline Walker.* 


Fig. 2. X-ray of the chest showing miliary opaci- 
ties throughout both lung fields and enlarged hilar 
shadows, May, 1958. 
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Fig. 3. Patient, June, 1959. 
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The patient became more comfortable and 
the cough disappeared. 

Improvement persisted and the patient 
began to gain weight. At the end of July 
further crops of papules appeared in the 
skin. The glands in the neck increased in 
size and became tender and soft. The patient 
remained afebrile but went home at his par- 
ents’ insistence on September 1. He was feel- 
ing well and weighed 46% pounds. Plaster 
immobilization of the right ankle was recom- 
mended but refused. He continued to dis- 
charge pus through the sinus of his ankle. 

The patient was seen again in June, 1959, 
at his home. He was found to be attending 
his normal class at school and was able to 
carry out physical training with the other 
boys. He walked with feet a little turned out 
but was not otherwise disabled. His weight 
had reached 51% pounds, a gain of 10% 
pounds within the previous 10 months. There 
were no open sinuses at the ankle but scars 
showed where they had been. He was clearly 
in good health as photographs show and was 
enjoying school (Fig. 3). 

Radiology. In May, 1958, the film of the 
chest showed miliary opacities throughout 
both lung fields and enlarged hilar shadows, 
particularly on the left (Fig. 2). 

Soft tissue swelling of the right ankle sur- 
rounded a bony lesion of the talus (Fig. 4). 
All bones of the tarsus showed gross osteo- 
porosis. The head and neck of the talus were 
fragmented and their cortical outline was 
indistinct and incomplete. The skull showed 
a small defect in the frontal region. Gen- 
eralized osteoporosis with loss of trabecular 
pattern was found in both tibiae and fibulae. 
Clearly defined osteolytic areas were seen in 
the right fibula, medial condyle of left tibia, 
and the distal end of the tibia (Fig. 5). Sim- 
ilar areas were seen in the right radius and 
left ulna. Scattered ill-defined areas of bone 
rarefaction were also visible in the spine, 
hands, and femora. All of these lesions 
showed similar loss of cancellous trabecula- 
tion and thinning of the cortex without new 
bone formation. 

After one year the opacities in the chest 
film appeared little changed, regeneration 
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Fig. 4. Soft tissue swellings of the right ankle sur- 
rounding a bony lesion of the talus, May, 1958. 


of the body of the talus had occurred and 
the head and neck had been almost com- 
pletely absorbed (Fig. 6), the skull appeared 
normal, and the osteolytic areas in the other 
bones were no longer visible (Fig. 7). 

Mycology. Two samples of pus were ex- 
amined. The first was aspirated from the 
swelling over the ankle shortly after admis- 
sion. In the direct smear many oval and 
round yeasts were seen measuring 10 to 15 
» in diameter. Most lay singly, but some 
were in pairs or threes end to end, the 
smaller terminal ones suggesting budding. 
Some contained a single round refractile 
body about 5 yw in diameter and had 
double walls (Fig. 8). A provisional diagno- 
sis of blastomycosis was suggested. Culture of 
the pus on blood agar at 37° C. and on 
Sabouraud’s medium at room temperature 
yielded no colonies of fungi or bacteria after 
3 weeks. 

In June, a second sample of pus was ob- 
tained from the ankle. The direct film 
showed the same features as in the first 
sample and several cultures were set up on 
blood agar and Sabouraud’s medium. No 
growth occurred in Sabouraud’s medium in 
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Fig. 5. Bones of both legs with osteolytic areas. 
A well defined area at the junction of the 
upper two thirds and the lower third of the right 
fibula, May, 1958. 
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Fig. 6. Showing regeneration of the body and absorption of the head and 


neck of the talus, June, 1959. 


6 weeks at either room temperature or 37° 


C. No colonies appeared on the blood agar 
at 37° C., though films of the inoculated area 
suggested that the yeasts were multiplying, 
and subsequent subculture showed that the 
yeasts had remained viable. 

Fungus did, however, grow from the orig- 
inal material on the blood agar plate left at 
room temperature. Colonies appeared after 
4 weeks and were flat, grey, and stellate. 
Microscopically they consisted of septate 


Fig. 7. Bones of the 
right leg, June, 1959. 
Osteolytic areas no 
longer seen. 


hyphae bearing small conidia and large 
smooth chlamydospores. They became cot- 
tony at 6 weeks, but not until 2 months after 
inoculation was it possible to demonstrate 
the tuberculate chlamydospores diagnostic of 
Histoplasma (Fig. 9). 

Examination of the 2 samples of sputum 
showed no Histoplasma or acid-fast bacilli. 


REVIEW OF THE LITERATURE 


In 1959 Van Laethem, Thys, and Van- 
breuseghem? referred to 27 cases of infection 
with large yeast Histoplasma. The following 
cases have occurred in Africans and Euro- 
peans in Africa. 

In 1936 Brumpt* discussed the case of an 
African soldier who presented with a tumor 
on the shoulder, first thought to be a crypto- 
coccus infection but later judged to be due 
to H. duboisii. 

In 1945 Catanei and Kervran* described 
an infection in a Sudanese presenting as an 
abscess over the maxilla. Large and small 
yeast forms, both intra- and extracellular, 
were demonstrated ; recovery ensued. In 1947 
Kervran and Aretas® reported a fatal case 
in an African Sudanese girl in whom the in- 
fection was widely disseminated. 
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In 1947 Friess and Delvoye*® published a 
description of a Sengalese patient who died; 
he had bony lesions with sinuses and the 
parasite was demonstrated in the large yeast 
forms. 

Since 1945 Duncan’ has reported a num- 
ber of cases, one in a European who had 
been resident in West Africa and the others 
in Africans. 

In 1952 Dubois and colleagues* described 
a case occurring in a European in the Congo 
in whom manifestations were apparently 
limited to the testes and lymphatic nodes; re- 
covery ensued. 

In 1957 Vandepitte and associates’ dis- 
covered a second case of the African form 


Fig. 8. Direct smear from the right ankle joint 
showing oval and round yeasts measuring 10 to 
15 units in diameter. 
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in the Congo. At autopsy H. duboisii was 
demonstrated in the tissues in both intra- 
and extracellular forms in many parts of the 
body. 

Clarke, Walker, and Winston’® in 1953 
and Symmers" in 1956 described cases occur- 
ring in young West Africans, in whom the 
manifestations were limited to the skin and 
subcutaneous tissues. The parasite was iden- 
tified and the patients recovered. 

In 1958 Camain and co-workers'* investi- 
gated 7 new cases of the large yeast. forms of 
histoplasmosis in French West Africa: in 4, 
bone alone was invaded; in 2, skin and sub- 
cutaneous tissues only; and in 1 fatal case, 
skin, lymphatic nodes and abdominal viscera. 
Six of the patients were Africans and the 1 
European patient had yeast tissue forms 
measuring only 4.5 to 7.5 units described as 
intermediate forms. 

In 1959 Van Laethem, Thys, and Van- 
breuseghem? described a third case from the 
Congo. Skin, lymphatic nodes, bones, and 
viscera were involved and death ensued. 

From the above publications it is clear 
that proved infections with large yeast Histo- 
plasma are not always benign, but tend to 
fall into 2 main groups. In the first the le- 
sions are limited to a single tissue (frequently 
the skin), and recovery can be expected. In 
the second, the lesions are multiple and in- 
volve several tissues often including the liver 
and spleen. A fatal outcome is almost in- 
variable. 

Although a number of cases of histoplas- 
mosis has been reported in East Africa and 
South Sudan (Manson Bahr,’* Dockeray," 
Davies,’* Jelliffe,** and Lunn’) the fungus 
was identified in only one (Lunn) and cul- 
tured in none. Ajello’® has tabulated all re- 
ported cases of both forms of histoplasmosis 
which have occurred in Africa. 


DISCUSSION 


I. Mycologic. In 1958 Vanbreuseghem’”® 
stated that the histopathologic differentiation 
of H. duboisti from H. capsulatum is the 
predominance of large yeast forms measuring 
between 10 and 15 units in diameter, present- 
ing both inside and outside the histiocytes. 
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The validity of the distinction between these 
2 forms of disease is not accepted by Sym- 
mers,** Moore,”° Drouhet and Schwarz,”* but 
Duncan’ and Vanbreuseghem’® and others 
have brought forward considerable evidence 
to support the view that an African pattern 
of histoplasmosis exists, caused by an organ- 
ism differing from H. capsulatum in its ap- 
pearance in the tissues and on culture. 

Results of experiments in animals. In 1958 
Duncan" using strains of H. capsulatum and 
H. duboisii inoculated mice intravenously 
and intraperitoneally and observed results 
which do not in our opinion add significant 
support to the view that H. duboisii and H. 
capsulatum are distinct forms. 

Five strains of H. capsulatum were used 
and only one old (1943) strain of H. duboisii 
in experiments designed to compare their 
effects. The histopathologic appearances were 
largely dependent on the channel of infec- 
tion. 

It is noteworthy that H. duboisii in these 
experiments produced progressive dissemi- 
nated disease in mice, whereas in man it 
often produces localized and benign lesions. 

Other authors, Catanei and Kervran‘* in 
1945, Kervran and Aretas® in 1947, and 
Friess and Delvoye® in 1947 were able to 
produce large yeast forms in the tissues in 
animals infected with pus from cases with 
Histoplasma duboisii, but not with inoculates 
from cultures of Histoplasma duboisii. In 
1956 Drouhet and Schwarz™* and in 1957 
Drouhet** produced large yeast forms in a 
hamster; both intra- and extra-cellular forms 
were present following inoculation with H. 
capsulatum. In 1957 Vandepitte® produced 
large and small tissue forms following intra- 
testicular inoculations in guinea pigs with 
material from a patient dying from a H. 
duboisii infection. Large yeast forms have 
been observed in some American patients by 
Moore* in 1955, and have been seen in tis- 
sue explants from organs infected with H. 
capsulatum in an American patient by 
Schwarz®® in 1953. De Monbreun** found 
large yeast forms in cultures inoculated with 
H. capsulatum. 

From these results it is clear that either H. 
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capsulatum or duboisii can give rise to large 
and small forms in the tissues and on cul- 
ture. Taschdjian®® has shown that the 2 
strains show hyphal fusion in vitro and they 
are, therefore, unlikely to belong to 2 dis- 
tinct species. 

II. Skin tests. In 1958 Duncan’ stated 
that a sample of histoplasmin from H. du- 
boisii 1943 strain was antigenically identical 
with a standard preparation of histoplasmin 
prepared from H. capsulatum. Dr. Jacque- 
line Walker" states that although histoplas- 
min has been prepared from H. duboisii, the 
standardization of this material is still in the 
early stages and it is not generally available. 
This extract gives a cross reaction and de- 
tects H. capsulatum. It seems likely, although 
it has not yet been demonstrated, that the 
histoplasmin from H. capsulatum may give 
a similar cross reaction in patients infected 
with H. duboisii. 

In 1956 Symmers" reported 2 benign cases 
with skin lesions of H. duboisii with large 
yeast forms in the tissues; one gave a posi- 
tive histoplasmin skin reaction and one gave 
a negative reaction. In 1943 Robb-Smith*® 
investigated a similar benign case with skin 
lesions with large yeast cells in the tissues 
and a negative histoplasmin skin reaction. 

The case described in this article gave 
negative skin reactions on 2 occasions with 
the use of a standard preparation obtained 
from H. capsulatum. 

In 1954 Ball and Evans*’ tested for histo- 
plasmin sensitivity in 175 Uganda Africans 
and found 16 per cent positive to H. cap- 
sulatum. In 1954 Stott®* found a sensitivity 
rate of 8.5 per cent to H. capsulatum in 
Kenya Africans. 

III. Clinical. The patient described above 
presents several points of interest. He is the 
first patient with histoplasmosis to be proved 
by culture in East Africa. He is also the first 
patient with radiologic evidence of lung in- 
volvement in which the form of yeast is 
large celled. In no patient with such exten- 
sively disseminated disease has recovery been 
reported. This patient cannot, therefore, be 
included in either of the 2 groups of proved 
cases of large yeast histoplasmosis previously 
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described. In none of these patients was in- 
vasion of the lungs found, not even in the 
fatal cases. Involvement of lungs has hitherto 
been regarded as a feature of the disease 
caused by small yeast histoplasma. On the 
other hand, bone involvement, which is rare 
in small yeast disease, is present in this case 
and in several others from Africa. This case, 
therefore, forms a link not only between the 
2 groups of large yeast infections previously 
referred to but also between the patterns of 
disease formerly attributed to 2 distinct 
causative organisms. 


SUMMARY 


1. A case of large yeast histoplasmosis with 
disseminated lesions and a relatively mild 
illness ending in recovery is described. 

2. The validity of the distinction between 
the American and African forms of histo- 
plasmosis is questioned. 

3. The evidence discussed would seem to 
be against a sharp distinction between 2 
forms of causative agent. It is more likely 
that the differences noted in the manifesta- 
tions of the disease are due to other factors. 
Among these must be included the mode of 
entry, dose of infective organisms, race of 
patient, climate, and degree of natural or 
acquired resistance. 


We wish to thank the Permanent Secretary 
and Chief Medical Officer, Ministry of Health, 
Uganda, for permission to publish; Dr. Stephen 
Buck, Senior Pathologist, Uganda Medical Serv- 
ice, for examination of material; and Mr. K. W. 
Jones F.I.M.L.T. for culturing the fungus. 
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Methaemoglobinaemia in an Infant, Lancet 2: 1147, 1957. 
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MEDICAL 
PROGRESS 


Some remarks on bemoglobinopathies with 
particular reference to thalassemia 


J. H. P. Jonxis, M.D.* ** 


GRONINGEN, NETHERLANDS 


MODERN medical science is attempting 
to find out why a protein that is built from 
a fixed sequence of a known number of 
amino acids has certain properties. We would 
also like to know what differences there are 
between normal and abnormal proteins and 
why a particular anomaly changes the bio- 
logic properties of a protein. We do not yet 
know why an abnormal reconstructed pro- 
tein causes a disease in its carrier. What is 
the connection between a postulated muta- 
tion and the synthesis of one or more ab- 
normal proteins? How is evolution reflected 
in the structure of one special protein? For 
instance, what are the structural similarities 
and differences between the hemoglobins of 
different species? 

Recent discoveries have made it possible 
to answer some of these questions and to 
answer to a certain extent for the pro- 
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tein, hemoglobin. This accomplishment has 
been achieved by the work of different in- 
vestigators whose approaches to the problem 
have varied markedly. 

Hemoglobin has a molecular weight of 
about 66,000. The molecule consists of 2 
pairs of different polypeptide chains, called 
alpha and beta chains.t Each chain has a 
molecular weight of about 16,500. The 
lengths of the alpha and beta chains are 
about equal. The amino acids of the poly- 
peptide chains are helically coiled over the 
major parts of the chains; this regular ar- 
rangement must be disturbed at those places 
where the polypeptide chain rounds a corner 
because each chain is folded in a special 
manner. The heme group lies in a loop of 
the polypeptide chain and is attached by a 
histidine groun.* The forces that keep the 
polypeptide chains together are relatively 
weak. In a concentrated urea solution, for 
instance, the hemoglobin molecule is split 
into 2 pairs of chains. Recombination of 
these pairs of chains is possible under certain 
conditions.’ In this way it is possible to make 
new forms of hemoglobin; for instance, one 
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Fig. 1. Fingerprint of Hb. A;. Numbering system of the tryptic peptides 


according to Ingram. 


may recombine human alpha chains with 
beta chains of an animal hemoglobin.* The 
blood of the normal adult contains one major 
fraction (Hb. A,) together with smaller 


amounts of other hemoglobins. The most 
important of these minor fractions is the 
hemoglobin fraction called A,. It has a 
higher electrophoretic mobility at pH 8.6 
and has somewhat higher affinity for oxygen 
than Hb. A,. It is present in the blood in 
a percentage of 2 per cent. A third fraction 
is Hb. A; which has a somewhat slower 
electrophoretic mobility than Hb. A, and is 
present in the blood in a concentration of 
1 per cent. Traces of fetal hemoglobin, less 
than 0.5 per cent, have been found in the 
blood of normal adults, and it is likely that 
minute amounts are present continuously in 
the blood of most of us (Table I). 

The molecular structures of these four 
hemoglobins have been practically worked 
out. We know much less, however, about 
the physiologic activities of these closely 
related proteins. Hb. A, has a somewhat 
higher affinity for oxygen,® but it occurs in 


such small amounts that it does not affect: 


the total affinity of the blood for oxygen. 
Much work has been done on the affinity of 
fetal hemoglobin for oxygen. In most mam- 
mals the affinity of fetal hemoglobin for 
oxygen is greater than that of the adult 


hemoglobin of the same animal. This prop- 
erty is likely to be useful in the light of the 
difficult oxygen transport before birth. In 
the human the affinity of the fetal red blood 
cells for oxygen is increased compared with 
those of the adult. This, however, contrary 
to what has been found in the animal, is not 
caused by a greater affinity for oxygen of 
the hemoglobin of the newborn, the oxygen 
dissociation curve of human fetal hemoglo- 
bin being the same as that of human adult 
hemoglobin.® 

Hemoglobins A, and A, and fetal hemo- 
globin have the same alpha chains; their 
beta chains, however, are different.’ These 
differences in beta chains are due to differ- 
ences in the amino acid composition of the 
polypeptide chain. This can be beautifully 
demonstrated by the so-called fingerprint 
technique of Ingram.*® 

This fingerprint technique is based on the 
separation of peptides obtained by a tryptic 
digest of the hemoglobin or of the separate 
chains. Trypsin splits the polypeptide chains 
into peptides at the amino acids, arginine 
and lysine. These peptides are separated 
from each other with chromatographic and 
electrophoretic methods and stained with 
ninhydrin. Twenty-three different peptides 
can be detected in the fingerprint of Hb. A; 
(Fig. 1). Special color reactions make it 


ul 


766 Jonxis 
| 
ty | 999° 
b 
it 
a 
E 
d 
SI 
re) 
B 
d 
a 
a 
fh 


Volume 59 Number 5 


possible to detect the presence of a number 
of special amino acids in these peptides. 
This allows one to differentiate peptides 
which have the same mobility in the finger- 
print but which contain one different amino 
acid. By application of this method, different 
investigators have shown that the alpha 
chains of the hemoglobins A, and A, and 
fetal hemoglobin are identical, but that their 
beta chains are distinct. The beta chain 
of fetal hemoglobin, which is called a gamma 
chain,® differs in 7 of its 15 peptides from 
the beta chain of adult hemoglobin. It is 
noteworthy that the gamma chains of all 
investigated mammals contain isoleucine. 
The beta chains of the hemoglobin of adult 
animals, with the exception of the rabbit 
and the hare, contain no isoleucine. 

The fingerprint of the beta chain of the 
Hb. Ay, which is called the delta chain, 
differs from the beta chain of Hb. A, to a 
smaller extent. Here only 4 peptides have 
other places in the fingerprints (Fig. 2).?° 

A hereditary variation of Hb. A., called 
B., is known. The carriers of this Hb. B, 
do not show anomalies in their Hb. A,. Such 
anomaly might be expected when the beta 
and delta chains were formed under the in- 
fluence of the same genes. This is a strong 
argument for the hypothesis that the syn- 
thesis of the delta chain is, at least partially, 
under the influence of special genes. 
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Table I. The concentrations of different 
hemoglobin forms in the blood of the 
normal adult 


A; A; F 


97.9% 2% 0.1% 
a, B: a, 6, Ye 


Table Il. The activity of different 
hemoglobin fractions after administration 
of radioactive chromium (Cr**) 


(cpm./mg. Hb.) 
4 | 4: | | 
Adult 206 1 11 


Baby (4 
weeks old) 89 7 


On the other hand, the great similarity 
of the beta and delta chains makes it likely 
that for the greater part of their synthesis 
the same ribonucleic acid template is used. 
Also, the synthesis of fetal hemoglobin, at 
least that of the gamma chains, is regulated 
by special genes. Again hereditary anomalies 
of the synthesis of the gamma chains have 
been found. 

Hb. A; has a special place. It occurs 
mainly in the aged red blood corpuscle. 
When erythrocytes are incubated with chro- 
mium*, the chromium is found to attach 
itself preferentially to Hb. A; (Table II).” 


Tr. dig Fraction D Hb-Ay 


Te dig. Fraction Hb-A2 


Fig. 2. Comparison of the beta chains and the alpha chains of hemoglobins 
A, and Ao. The peptides that are different are shaded. 
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Table III. The different hemoglobin 


component of fetuses 


Age Cord blood 
(weeks) Ans | F; | A; 
Full-term 36 26.0 73.7 0.3 
Premature 28 13.5 86.0 0.4 
Fetus 20 8.4 90.8 0.1 
Fetus 18 7.3 91.2 0 


The fingerprint of Hb. A; is the same as 
that of Hb. A, with the addition of one 
extra peptide which we found to contain 
glutathione.*? Since Hb. A; is found espe- 
cially in the older erythrocytes, it may be 
a first step in the breakdown of the hemo- 
globin. The quantities in which Hb. A, and 
A, and fetal hemoglobin occur in the blood 
depend on the age of the carrier and on 
hereditary factors. Most acquired diseases 
are of no influence. Tumors, such as molar 
pregnancy, some forms of leukemia, and 
aplastic anemia, may cause, however, a rise 
of the concentration of fetal hemoglobin in 
the blood of the adult. Alpha and gamma 
chains are the predominant chains synthesized 
before birth, and fetal hemoglobin is thus 
the predominant hemoglobin. However, from 
the earliest stage onward, some beta chains, 
thus adult hemoglobin, are formed. In the 
youngest human fetuses we were able to 
examine (18 weeks) adult hemoglobin could 
already be demonstrated (Table III). The 
quantity of Hb. A, formed before birth is 
small. We succeeded, however, in finding 


it in the blood of 20-week-old fetuses. It 


appeared in part to be synthesized to Hb. Aj. 
At birth the Hb. A, percentage is still less 
than 1. 


different cases 


Table IV. Comparison of the amounts of different hemoglobin components in 
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Halbrecht and Klibanski’* and Drescher 
and Kiinzer™ have described a special form 
of young fetal hemoglobin in the human. 
We were not able to confirm their observa- 
tions. The youngest fetuses we were able to 
examine, however, were 15 weeks old and 
the possibility exists that this special hemo- 
globin occurs in still younger fetuses. Re- 
cently, a special young fetal hemoglobin in 
very young human fetuses has been described 
by Butler and associates*® and by Flynn, 
Butler, and Beaven.*® 

Even before birth the quantity of adult 
hemoglobin increases at the expense of the 
fetal hemoglobin showing that there is a 
change from the synthesis of gamma chains 
to that of beta chains. This shift occurs 
before birth and is not the result of the end 
of intrauterine life. The increased breakdown 
of erythrocytes in patients with hemolytic 
anemia resulting from an antagonism be- 
tween blood groups causes a decrease in the 
fetal hemoglobin. The main cause of this 
phenomenon is the breakdown of older 
erythrocytes, which have a higher percentage 
of fetal hemoglobin, and their replacement 
by new erythrocytes, which have a lower 
percentage of fetal hemoglobin. It is possible 
to demonstrate that at birth the fetal hemo- 
globin percentage is higher in the older 
erythrocytes than in newly formed ones." 
During the second half of the first year of 
life approximately 5. per cent fetal hemo- 
globin is present, indicating that there is 
still increased production of this hemoglobin 
during this period. After the first year of 
life the percentage of fetal hemoglobin drops 
still lower and its detection becomes difficult 
(Fig. 3). It is likely, however, that small 


Disease 


Normal adults 


Heterozygous Hb. S 63 1.5 
Heterozygous Hb. C 66 

Homozygous Hb. S 2.5 
Homozygous Hb. C 9 


Hb. S + Hb. C 


10 87 
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Table V. The hemoglobins that might be 
expected in the blood of the double 
heterozygous carrier of the Hb. S and I gene 


a, B: a, a,‘ 
F F 


amounts are synthesized during the entire 
life span. We may, therefore, assume that 
alpha, beta, gamma, and delta chains are 
also synthesized throughout life, although in 
amounts that differ sharply with age. 

Hereditary aberrations of hemoglobin syn- 
thesis are now known to be localized in the 
four different chains. The most common are 
the anomalies in the beta chain. To this 
group hemoglobins S, C, and E belong. 
Fingerprint studies show that the anomaly 
in both hemoglobins S and C can be local- 
ized in peptide 4 of the beta chain. One 
glutamic acid that is normally present in 
this peptide is replaced by valine in Hb. S 
and by lysine in Hb. C (Figs. 4 and 5).** 
In Hb. E the anomaly is found in peptide 
26.** Here once more, glutamic acid is re- 
placed by lysine. Ingram’s discovery that 
the difference between the hemoglobins A, 
S, and C is localized to one place in the 
polypeptide chain is in agreement with the 
results of genetic studies of affected families, 
which show that the genes for the regulation 
of the synthesis of hemoglobins S and C are 
allelic. 

Family studies also make it likely that the 


Table VI. Curacao 
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Hb. E gene is allelic with the genes of hemo- 
globins S and C. The finding, however, 
that the anomaly in Hb. E is localized in 
another peptide (No. 26) of the beta chain 
does not fit in this hypothesis. It is more 
probable that the locus of the Hb. E gene 
is very close to the locus of the genes for 
hemoglobins S and C. 

Synthesis of an abnormal component of 
hemoglobin appears to proceed at a slower 
rate than that of normal components. In a 
heterozygous person an increased synthesis 
of Hb. A, will compensate for the decreased 
formation of the abnormal protein. In a 
homozygous person this escape route does 
not exist because he cannot make Hb. A. 
In such an individual the synthesis of Hb. F 
or in some cases of Hb. A, is increased. A 
person who is heterozygous for Hb. S, a beta 
chain anomaly, will show Hb. S a8,°, Hb. 
Az a282, and F a,8, in the blood (Table IV). 

When there is a disturbance in the synthe- 
sis of the alpha chains, for instance Hb. I, 
we shall find in a person who is heterozy- 
gous for this anomaly Hb. A,, Hb. I, Hb. Ao, 
and, because of the anomaly of the alpha 
chain, also an abnormal A;. Recently we 
were able to investigate the blood of a person 
who was heterozygous for the I gene. We 
were able to demonstrate the following hemo- 
globins in the blood: 76 per cent Hb. A;, 
20 per cent Hb. I, 3 per cent Hb. A», and 
an unknown component in a concentration 
of 0.8 per cent (Fig. 6). A fingerprint was 
made of this component. It showed the 
characteristics of Hb. A, but also those of 
Hb. I, ie., tryptophane in peptide 23. 

In the blood of such a patient we find 
4 hemoglobin components: Hb. A a282, Hb. 


Total Negro population 


District III 


Average age 
in years 


Average age 
in years 


; 
7 
1 
f 
5 
t 
- 
AA 652 83 34 296 ; 85 35 . 
AS 68 9 35 18 5 37 
AC 57 7 36 28 8 39 
SS 7 1 19 1 18 : 
SC 3 0. 28 3 1 28 


Normal imtants 


so 60 70 weeks 


Fig. 3. The fetal hemoglobin percentages in the 
blood of children of different ages. 


I Hb. Az and Hb. A," We 
may expect that the fetal hemoglobin of 
such a patient was also abnormal. 

The situation is quite complicated in a 
person who is heterozygous for an abnor- 
mality in both the alpha and beta chains, 
for instance, a person who is a carrier of 
Hh. I and S. According to the theory such 
a person should synthesize not less than 
8 hemoglobins. Some of them will occur in 
very small amounts (Table V). Moreover, 
the electrophoretic mobility of Hb. alpha," 
beta.® will be about the same as that of 
Hb. A,, because one of its components has 
a higher and the other a lower electrophoretic 
mobility at pH 8.6 than has Hb. A,. 

Double heterozygotes for anomalies in both 
alpha and beta chains are very rare, but 
they are of considerable theoretical interest. 
Individuals with 4 hemoglobins in their ery- 
throcytes have recently been described by 
Raper and colleagues*** and Baglioni and 
Ingram.*® In recent years anomalies in the 
gamma chain of fetal hemoglobin have been 
discovered. They can only be detected in 
the blood of young infants; the anomalies 
produced are known as the hemoglobins of 
Alexandra*® and Fessas.** 

It is noteworthy that under certain con- 
ditions 4 similar chains may form one hemo- 
globin molecule. Thus, 4 beta chains form 
Hb. A** and 4 gamma chains make up Hb. 
Bartholomews** which occurs in some new- 
born infants. One might assume that the 
formation of these hemoglobins was caused 


November 1961 


by a lack of alpha chains. The fact, however, 
that 4 beta® chains have the tendency to 
form Hb. Augusta** in patients with sickle 
cell anemia is not in agreement with the 
supposition, for in a patient with sickle cell 
anemia the synthesis of alpha chains is un- 
affected. The abnormal beta*® chains have 
the tendency to congregate together. It 
should be noted that Hb. H and Hb. Bar- 
tholomews are found in families in which 
thalassemia occurs. 

Carriers of Hb. S and of Cooley’s anemia 
are rather common in certain districts. This 
is the more noteworthy because there is a 
constant loss of the genes for these hemo- 
globins, since 1 in 4 children of a family 
in which both parents are heterozygous car- 
riers of the genes dies before he can pro- 
duce offspring. This will cause a decrease 
of the gene frequency. It is unlikely that a 
high mutation rate compensates for the loss 
of abnormal genes. It is more likely that 
the high frequency is the result of a form 
of balanced polymorphism, the heterozygous 
carrier having an advantage over the normal 
individual in some other respect. 

In recent years the theory has been ad- 
vanced that both sickling and thalassemia give 
a degree of protection against malaria, for 
in many countries where malaria was en- 
demic, Cooley’s anemia and sickle cell ane- 
mia are common. Some years ago I did some 
work that fits well in this hypothesis. 

Two centuries ago Negroes from Ghana, 
where carriers of Hb. S and Hb. C are 
common, were transported to 2 places in the 
New World. In one of these places, Curagao, 
malaria was very rare; in the other place, 
Surinam (Dutch Guyana), it was, as in 
Ghana, very common. In Curagao this group 
of Negro immigrants is still living in the 
western part of the island, district III, and 
is not mixed with a second wave of Negro 
immigration of recent years. In Surinam, 
groups of Negroes fled the inland during 
the numerous wars and uprisings in the 
seventeenth and eighteenth centuries. They 
formed new tribes, Bush Negroes, and lived 
a primitive life isolated from the rest of the 
world. Both groups have lived now for about 
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Table VII. Surinam 
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Kabel 


Moengo 


Stoelmans eiland 


Average 


% 


Average age 
in years 


Average age 
in years 


77 
5.2 


28 26 
28 19 
35 21 
16 2 
31 


200 years in their new surroundings. The 
differences in the frequency of the hemo- 
globins S and C genes are very likely to be 
the result of the differences of circumstances 
during these centuries, because the frequency 
of these genes must have been the same in 
both groups in the original immigrants. 
A comparison of the frequency of hemo- 
globins S and C in Ghana, Surinam, and 
Curagao, therefore, may give useful informa- 
tion. Figures for Ghana have been published 
by Edington and Lehmann.** They have 
found a higher percentage of Hb. C carriers 
in inland areas and a higher frequency of 
Hb. S carriers in the coastal region. How- 
ever, we do not know how the situation 
was 200 years ago, or if the immigrants 
came from the northern parts of the country 


Fig. 4. The fingerprint of the 
tryptic digest of the hemoglo- 
bins A; and S. The differences 
(peptide 4) are shaded. 


or from the coastal belt. We have collected 
figures in Surinam and Curagao, testing 
more than 1,000 people in each place (Fig. 
8, Table VI). 

One might expect that the numbers of car- 
riers of the sickle cell trait would be signifi- 
cantly lower in Curagao, because of the ab- 
sence of malaria, than in Ghana, whereas the 
number of Hb. C carriers would be only 
slightly less. In Surinam, on the other hand, 
we may expect a percentage of Hb. S carriers 
approximating that found in West Africa. 
What, in fact, are the findings? In Curagao 
we obtained blood samples from 790 pure 
Negroes, 349 of whom lived in a remote 
part of the island which had not received 
new immigrants. (The population of Cura- 
cao has risen rather sharply lately.) In the 


age in 
No. | years No. % | No. % pe 
AA 401 22 126 73 
AC 27 25 8 1 
ss 1 0.2 14 2 1 
* 
: 
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VAL -HIST - LEU - THR - PRO - [GLU] - GLU - LYS 


VAL -HIST - LEU - THR - PRO- [VAL] - GLU - LYS 


VAL -HIST- LEU - THR - PRO- [LYS] - GLU - LYS 


Fig. 5. The amino acid sequence in peptide 4 
in the hemoglobins A,, S, and C. 


remote area, district III, 8.2 per cent of the 
population have Hb. C in their blood and 
5.2 per cent have sickle cell hemoglobin. 
These figures are lower for Hb. S than the 
average of the Ghana values (North Ghana 
Hb. S 12 per cent, South Ghana 22 per 
cent; for Hb. C these figures are respectively 
15 per cent and 11 per cent). The fact that 
the proportion of Hb. C carriers is high 
compared with that of Hb. S carriers is 
a strong indication that the original Cura- 
cao Negroes came from Ghana, because 
Ghana is the only country where Hb. C is 
found so frequently. It is noteworthy that 
the total number of carriers of both anom- 
alies is lower in Curagao than on the Gold 
Coast. It is likely that these percentages 
have gone down since the arrival of the 
original immigrants. The most obvious ex- 
planation is that this may be due to the 
absence of malaria in Curagao. 

In Surinam we were able to make investi- 
gations in 3 groups of Bush Negroes. The 
total number of the Bush Negroes of Surinam 
is estimated to be about 25,000 of whom 
we were able to investigate 966 (Fig. 9, Table 
VII). The percentages found in 2 of the 
groups were about the same. The percentages 
of Hb. S carriers are 17 and 20, respectively; 
of Hb. C carriers, 5.2 and 4.6, respectively. 
It is striking that the percentages of Hb. S 
carriers are about 3 times as high as that 
found in Curacao and only somewhat lower 
than those found in West Africa. This is in 
agreement with the malaria theory. The 
number of Hb. C carriers, on the other hand, 
is significantly lower than that in Curagao. 
This may be explained by the possibility 
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already mentioned that the Negroes of Suri- 
nam came from a somewhat more extended 
part of West Africa than the Curacao 
Negroes. 

In the third small group the percentage 
of Hb. S carriers was only 11 and that of 
Hb. C 3.3. One might have expected a 
higher S percentage in this group. It is 
likely that this deviation is the result of 
a genetic drift in a small tribe which orig- 
inated about 200 years ago in a restricted 
number of runaways. Except for the values 
in this small group, the findings are in good 
support for the malarial theory.*® 

Cooley’s or Mediterranean anemia or 
thalassemia is common in certain groups of 
the Mediterranean countries, in the Near 
East, in middle and southeast Asia, and in 
some parts of Africa. Sporadic cases have 
been reported in the autochthonous popula- 
tion of Western Europe. 

Two forms can be distinguished: thalas- 
semia minor, the disease of the heterozygous 
carriers, and thalassemia major, the disorder 
of the homozygous carriers of the gene. 
Thalassemia major is such a severe disease 
that most affected persons die in childhood. 
Both parents of a patient with thalassemia 
major are carriers of the Cooley gene and 
1 in 4 of their children will die of this 
disease. Thus the number of individuals with 
thalassemia minor is greater than one might 
expect from the frequency of children with 
thalassemia major. 

The line between thalassemia major and 
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Fig. 6. The different Hb. fractions in a Hb. I 
carrier. Carboxy-methylcellulose-chromatography. 
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Fig. 7. The transport of Negroes from Ghana to 
Curagao and Surinam in the seventeenth and 
eighteenth century. 


minor is not always easy to draw. Cases of 
intermediate severity are called thalassemia 
intermedia. In these cases only family studies 
can make it clear whether the affected per- 
son is homozygous or heterozygous for the 
gene. 

Up until now no special thalassemia hemo- 
globin has been found. This makes it difficult 
to decide whether there are different genes 
for Cooley’s anemia as has been postulated 
by different authors.** Such a hypothesis 
has the advantage that it allows one to 
explain the differences in severity which we 
encounter in Cooley’s anemia. The problem 
becomes still more complicated by the fact 
that the clinical picture of the double hetero- 
zygous carrier of both the Cooley’s gene and 
the Hb. E gene is the same as that of 
Cooley’s anemia. The presence of Hb. E, 
however, in the blood of these patients dis- 
tinguishes them from pure Cooley’s anemia. 
Once more it is important to examine the 
blood of other members of the patient’s 
family. 

Microcytosis and variation in size among 
erythrocytes typify Cooley’s anemia. The 
hemoglobin concentration in the erythrocyte 
is less than normal. The anomalies are much 
greater in thalassemia najor than in thalas- 
semia minor. In thalassemia major normo- 
blasts are found in the blood smear. Although 
the number of reticulocytes is high, the 
average life span of the erythrocytes is only 
moderately shortened, and the - anemia is 
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severe because of a defect in hemoglobin 
synthesis. In thalassemia major the fetal 
hemoglobin is increased and in thalassemia 
minor the percentage of Hb. A, is about 
twice its normal value in nearly all cases.** 
The latter fact is of great practical value 
because sometimes it is otherwise difficult 
to differentiate thalassemia minor from iron 
deficiency anemia. In a number of cases of 
thalassemia minor there is a moderate in- 
crease of the concentration of fetal hemo- 
globin. This is, however, not only present 
in thalassemia minor but may also be found 
in other hemoglobinopathies. Moreover, there 
is a group of West African Negroes in which 
the fetal hemoglobin concentration remains 
high without any further hematologic ab- 
normality. Both the presence of fetal hemo- 
globin and the increased concentration of 
Hb. A, are in agreement with the hypothesis 
that in Mediterranean anemia there is a 
disturbance in the formation of the beta 
chains. 

Hb. H (beta 4) that occurs in patients 
with thalassemia can be compared with the 
occurrence of Hb. Augusta in sickle cell 
anemia. Two possibilities are suggested: (1) 
the formation of beta chains is decreased, or 
(2) abnormal beta chains are synthesized at 
a low rate. In the latter hypothesis it is 
assumed that abnormal beta chains are 
formed, but this anomaly has not yet been 
demonstrated. 

There are some other anemias in which 
the percentage of fetal hemoglobin is in- 


CURACAO 
Hb AS 52% 1650 
Hb AC 85% 1750 


HDAF 1 


TOTAL ISLAND 
Hb AS 86%. 


Hb AC 73% 


Fig..8. The frequency of carriers of the hemo- 
globins S and C in Curagao. 


X= RED INDIANS 
AS=05% 


Fig. 9. The frequency of carriers of the hemo- 
globins S and C in Surinam. 


creased. In recent years my co-workers and 
I were able to investigate the blood of a 
number of patients with Fanconi’s anemia. 
In all these cases we found a fetal hemo- 
globin concentration between 5 and 25 per 
cent. In the parents’ blood no fetal hemo- 
globin could be detected. 

Recently we had the opportunity to exam- 
ine a family in which an anemia occurred 
that has many features in common with 
Fanconi’s anemia. The affected members 
were a grandfather, a father, and his little 
daughter. Both father and daughter were 
anemic ; the hemoglobin values were 9 Gm. per 
100 ml. The erythrocytes were large and num- 
bered about 2,400,000 per cubic millimeter. 
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The intracellular hemoglobin concentration 
was about normal. The fetal hemoglobin con- 
centration was about 5 per cent and the 
Hb. A; concentration was normal (2.3 per 
cent). The numbers of leukocytes and throm- 
bocytes were low. This anemia differs from 
thalassemia because of the low Hb. A, con- 
centration and because of the macrocytosis. 
It differs from Fanconi’s anemia because 
of the good prognosis and the lack of mul- 
tiple skeletal malformations. 

To conclude I would like to report an ob- 
servation in another family. It concerns a 
Papuan family in which some members 
showed the clinical picture of Cooley’s 
anemia. Some time ago 2 Papuan children 
were admitted to the Hospital of Hollandia, 
New Guinea.*® They showed the clinical pic- 
ture of severe Cooley’s anemia. There was a 
microcytosis, the shape of the erythrocytes 
was irregular, and some target cells were 
present. The number of reticulocytes was 
high, and normoblasts were numerous. The 
liver and spleen were enlarged and the x-ray 
of their skulls showed the typical picture of 
a hemolytic anemia. No malaria parasites 
could be demonstrated in the blood, which is 
exceptional for children of their age in that 
population. 

The anemia had not improved following 
the normal treatment for deficiency anemia. 
The fetal hemoglobin concentration in the 
children’s blood was about 75 per cent, and 
the Hb. A, concentration only 0.3 per cent. 
No Hb. A, could be detected. There was, 
however, another component present that 
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could be identified as Lepore hemoglobin. 
In the parents’ blood the Hb. A, concentra- 
tion was low; the concentration of Lepore 
hemoglobin was 12 per cent, and the re- 
maining hemoglobin was Hb. A;. We were 
able to investigate the blood of several mem- 
bers of both the father’s and mother’s fam- 
ilies (Table VI, Fig. 10). In each family 
heterozygous carriers of Lepore hemoglobin 
were detected. Since both parents had Le- 
pore hemoglobin it may be concluded that 
their 2 affected children were homozygous 
for the Lepore gene, particularly since no 
Hb. A, could be found in the blood. We did 
not find any carrier of the Cooley’s gene in 
these families nor does this gene occur in 
other Papuan families as far as is known. 
We must, therefore, assume that homozy- 
gosity for the Lepore gene gives a clinical 
picture that is identical with that of Cooley’s 
anemia. 

Gerald®® reported that patients who are 
doubly heterozygous for both Lepore and 
Cooley’s genes show the clinical picture of 
thalassemia. It is remarkable that the finger- 
print of Lepore hemoglobin is the same as 
that of Hb. A,. At least, we were not able 
to detect any difference. Still Lepore hemo- 
globin is not identical with Hb. A,, for its 
electrophoretic mobility is different. We 
know that the anomaly of Lepore hemo- 
globin is localized in the beta chain and that 
the Lepore beta chain must have a structure 
that is quite similar to the delta chain of 
Hb. A. It is interesting to note that homo- 
zygosity for Lepore gene, which gives a beta 
chain anomaly, is responsible for the clinical 
picture of thalassemia. This might be an 
indication that in thalassemia there is also 
a still undiscovered anomaly in the beta 
chain. 

Hemoglobin is the only intracellular pro- 
tein readily available for investigation. 
Therefore, we know more about the heredi- 
tary anomalies in this protein than in any 
other. It is very likely, however, that similar 
patterns exist in several other intracellular 
proteins. This makes the study of abnormal 
hemoglobins more than the collection of rare 
stamps with which it is sometimes compared. 
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Tuts 11-year-old white male was re- 
ferred by his physician for evaluation of thy- 
roid function. It was difficult to determine 
the time of onset of the boy’s presenting 
complaints since they overlapped signifi- 
cantly with family problems dating back to 
his birth. His mother, who had majored in 
psychology in college, had always sought 
much psychological and psychiatric help, and 
the family had been followed by psychiatrists 
and psychiatric social workers for many 
years through a local child guidance clinic. 
When the child was about 3 years old, there 
was considerable trouble with temper tan- 
trums and profound rages, resulting in a 
strong reaction of hostility on the part of his 
mother. With psychiatric help to mother and 
child, the problem was somewhat resolved by 
sending the patient to a nursery school. He 
subsequently developed fairly well, although 
he remained very “sensitive” and had fre- 
quent bouts of crying and “unexplained” 
and uncontrolled rages. Despite these be- 
havioral problems, he scored in the superior 
range on intelligence tests and had done well 
in school. 


Approximately 6 to 8 months before ad- 
mission, tantrums seemed to increase in fre- 
quency and he seemed to be more restless. 
With this change, he had difficulty in get- 
ting to sleep. In addition, there was a defi- 
nite increase in his appetite which was ac- 
companied, however, by an appropriate 
weight gain. During the summer in Florida 
with his grandmother she commented on his 
“nervousness” and felt his eyes were more 
prominent. However, when he returned in 
the fall, he seemed to be his usual self. 

In the course of a routine examination for 
school in late September (3 months before 
hospitalization) the above symptoms were 
mentioned to his physician and on examina- 
tion the thyroid was palpable. For this rea- 
son, the following laboratory tests were done 
at that time: total iodine, 7.2 wg per cent; 
protein bound iodine, 5.3 »g per cent; basal 
metabolic rate, minus 3. Because of the en- 
larged gland and normal tests he was referred 
later for further evaluation. 

In addition to his behavioral problems 
mentioned previously, the patient had had 
hay fever and asthma with repeated respira- 


Fig. 1. A. Interstitial lymphocytic infiltrate. (Tolui- 
dine blue-eosin stain; x175.) 


tory infections from about 3 years of age. At 
5 and 8 years of age, respectively, he was 
hospitalized for tonsillectomy and since the 
age of 8 had been followed by an allergist 
for his respiratory problems, with consider- 
abie improvement in symptoms. Otherwise 
past history was not contributory. 

The family history is interesting in that 
the maternal grandmother, mother, and 
younger sibling had been under psychiatric 
care, the younger brother described as being 
“famous for hyperactivity.” In addition, a 
paternal grandmother has been hospitalized 
at the McLean Hospital for some years for 
a psychiatric disorder. There was no definite 
family history of any thyroid disorder or of 
diabetes. 

On examination, the patient was a moder- 
ately well-developed and nourished boy of 
11% years whose height was 59 inches (70 


per cent) and weight 77% pounds (50 per 
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cent), who did not appear ill. He was very 
cooperative and not particularly overactive. 
The eyes were slightly prominent, the right 
palpebral fissure being greater than the left 
although there was no lid lag or weakness 
of convergence. The thyroid was approxi- 
mately twice normal size, the lateral lobes 
measuring approximately 1% by % inches. 
It was quite firm throughout without nod- 
ules. There was no bruit. General examina- 
tion was not remarkable. The skin was nor- 
mal in texture and temperature. The pulse 
was 64 per minute, and the blood pressure 
was 100/60 mm. Hg. There were no tremors 
or evidences of muscular weakness. 

The following additional studies were 
made after which surgical consultation was 
obtained and an operation performed: Buta- 
nol extractable iodine was 5.2 yg per cent. 
Thyroid scan followed a 24 hour thyroidal 
I'** (radioactive iodide) uptake of 34 per 
cent and revealed only the presence of dif- 
fuse thyroid enlargement. The basal meta- 
bolic rate was plus 8. Serum antithyroglobu- 
lin agglutination was positive at 1:320 
dilution. 

Dr. Mitton W. Hamotsxy.* Our prob- 
lem today relates to an asymptomatic en- 
largement of the thyroid in an otherwise 
fairly healthy young male. The entire first 
paragraph relates to a good deal of psycho- 
logical or psychiatric stress in the back- 
ground. If hyperthyroidism were clear-cut, 
we might find ourselves criticizing these in- 
terpretations. It is often easier to obtain the 
past history of psychiatric distress than it is 
to define its precise relationship to thyroid 
hyperfunction. Most workers in the thyroid 
field think that in patients known to be hy- 
perthyroid there is a very high incidence of 
prolonged or severe or sudden psychiatric 
stress in the background. The link between 
that and pathogenesis simply is unknown. 
In any event, about 6 to 8 months before 
admission there seemed to be an increase in 
his tantrums, increased restlessness, difficulty 


*Dr. M. W. Hamolsky is Assistant Professor of Medicine 
and Tutor in Medical Science at the Harvard Medical 
School and. Associate Visiting Physician and Head of 
Endocrine Clinic at the Beth Israel Hospital. 
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in getting to sleep, and a definite increase 
in appetite, which, however, was balanced 
by a gain in weight. These are the kind of 
symptoms that one would see in hyperthy- 
roidism. We have had several patients in 
whom hyperthyroidism has clearly been as- 
sociated with gain in weight. This probably 
relates to the balance of what “goes in” 
and what is “burned,” and if the patient is 
able to eat more than his metabolism is 
burning up, he will gain weight. Therefore, 
the lack of weight loss does not rule out 
hyperthyroidism. One may say, if one wishes, 
that this represents a transient episode of 
hypermetabolism. Because of the symptoms 
and palpable thyroid, laboratory tests were 
performed. The results were within normal 
range. The frequency of upper respiratory 
infections in the past may be pertinent. To 
this audience it is a common story. We find 
it of significance in the history preceding 
thyroid enlargement in many adults, as a 
clue to thyroiditis. The family history re- 
calls overactivity (psychiatric background 
again). I was impressed by that word, “hy- 
peractivity,” until last evening when I 
played with my 8-year-old son. I think I 
am prepared to match him with this state- 
ment. 

In any event, there was no hyperactivity 
when the patient was admitted. As regards 
the asymmetry in palpebral fissures, exoph- 
thalmometric readings are more precise and 
help to distinguish a slight lid lag from true 
exophthalmos. Highly pertinent additional 
laboratory data indicate that a test for 
serum thyroid antibodies by the hemaggluti- 
nation technique in this patient revealed 
positive results at a dilution of 1:320. 

Currently we consider thyroid function as 
a sequence of multiple functions, rather than 
one specific over-all metabolic level. A spe- 
cial function of the thyroid is the concen- 
tration of iodide ion which, in a series of 
enzymatic reactions, is converted to a hypo- 
thetical iodine which then reacts with tyro- 
sine, within the framework of the thyro- 
globulin molecule, to produce monoiodotyro- 
sine and then diiodotyrosine. It is assumed 
that in some manner these latter substances 
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Fig. 1. B. High-power view of A demonstrates the 
tall, closely packed, hyperplastic epithelium of the 
thyroid. (Toluidine blue-eosin stain; x300.) 


couple and form the active hormone, thy- 
roxin. More recently discovered is the 
compound triiodothyronine, which is simi- 
lar to, though more potent physiologically 
than, thyroxin. This material is stored in 
the colloid of the follicle and released under 
the effect of a proteolytic enzyme to 
circulate in the plasma, bound to one or 
more highly specific trace proteins. By some 
as yet unknown mechanisms, the material 
enters the tissue and there exerts its calori- 
genic effect. Many of these steps occur 
autonomously in thyroid sections in the test 
tube, but the yields are very small and the 
rate slow. Thyroid-stimulating hormones 
from the pituitary do increase each of these 
steps. There is a homeostatic mechanism 
whereby, if the level of circulating hormone 
increases, the thyroid-stimulating hormone is 
shut off and the thyroid becomes quiescent. 
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Turning to the enlarged thyroid gland in 
this age group, the probabilities include: 
malignancy of the thyroid; thyroiditis; hy- 
perthyroidism; the hypothyroid goiters; ex- 
posure to exogenous goitrogen; and a rather 
“wastebasket” term—‘“adolescent goiter,” 
which is slowly being separated into various 
diverse conditions. The latter term simply 
means an enlarged thyroid in a child of this 
age group with no obvious explanation. As 
progress is made in studies of thyroid dis- 
ease, there will be less and less justification 
for this type of category. Inherent in the 
term is an assumption that during adoles- 
cence there is an increased demand for hor- 
mones and in some way the body responds 
to this by making a bigger gland to meet 
the challenge. The concept is vague enough 
to obscure a more specific diagnosis. It may 
be of interest to this audience that many of 
the advances in the understanding of these 
particular diseases have been made largely 
in the field of pediatric endocrinology.t The 
problems concern coexistent hypothyroidism 
and goiter. In essence, if there is difficulty 
with the production of the normal thyroid 
hormone at any stage in the sequence, the 
tissues are deprived of the needed amount 
of hormone and the pituitary is stimulated 
to release TSH (thyroid-stimulating hor- 
mone) which, in turn, stimulates the thy- 
roid to greater and greater enlargement. 
The propylthiouracil drugs are goitrogens 
because they inhibit the synthesis of normal 
hormones. The pituitary is fooled into be- 
lieving that there is not enough, it stimulates 
the thyroid to make more, but the thyroid 
cannot because it is blocked. So one has a 
progressively enlarging gland. There have 
been many examples of this, most classically 
in cretins, so I think that this again is not 
pertinent here, but in each category of a 
deficiency there have been gne or two essen- 
tially normal individuals (often siblings of 
cretins) in whom the stimulus has been 
enough, and the capacity to meet it just 
about enough, to render the patient essen- 
tially euthyroid but at the cost of a pro- 
gressively enlarging, harder-working gland. 
For example, just yesterday, Dr. Stanbury 
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presented the case of a hypothyroid indi- 
vidual in whom there had been impaired 
ability to transmit iodide from the serum to 
the thyroid. As a result, the iodide could 
not be concentrated, hormones were not 
synthesized, and the patient was a hypo- 
thyroid individual with a progressively en- 
larging thyroid gland. There are several 
cretins who take up plenty of iodine but 
who, possibly through some inborn meta- 
bolic defect, cannot take the iodide to mono- 
iodotyrosine and diiodotyrosine. There are 
cretins who cannot couple iodinated tyro- 
sines to form normal thyroid hormone. 
There are still others who go through vari- 
ous steps in hormone synthesis and then 
make some sort of material which comes 
out in the circulation bound to protein, and 
yet they are cretins. It is possible, therefore, 
to have a cretin who has a high I*** uptake 
and a high protein-bound iodine level, which 
suggests thyrotoxicosis but is not, because 
the same ultimate lack of normal thyroid 
hormone obtains. In families with these vari- 
ous defects, there may be one or two sib- 
lings who have just enough capability to 
increase thyroid mass to keep from becom- 
ing frankly hypothyroid unless some unusual 
stress is presented to them, when the com- 
pensation may fail. In such instances, the 
pathologist describes gross hyperplasia. These 
individuals usually have a high I*** uptake. 
Some of them will have a prompt drop in 
thyroid I'** content when given thiocyanate 
after the tracer which replaces the iodide. In 
the normal individual, the iodine which is 
rapidly incorporated into organic compounds 
is not dischargeable by thiocyanate. 

Now, we return to the patient under dis- 
cussion. We cannot, on the basis of the labo- 
ratory data, support the diagnosis of hyper- 
thyroidism, as we might if one of his labora- 
tory tests were out of line. The sum total of 
calorigenic effects on tissue, the basal meta- 
bolic rate, is normal. The protein-bound 
iodine, representing the balance between the 
amount of iodinated compound introduced 
into and removed from the circulation as 
bound to protein, is essentially at the normal 
of 4 to 8 wg per cent, of which 1 to 1.5 pg 
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Fig. 2. High-power view of proliferating lymphoid 
germinal center found in several areas of the 
lymphoid infiltration of the thyroid gland. (Tolui- 
dine blue-eosin stain; x305.) 


represent iodide. Since some of the com- 
pounds artificially contributing to the pro- 
tein-bound iodine level are not soluble in 
butanol, as are thyroxin and triiodothyronine, 
we are interested in the normal butanol ex- 
tractable iodine. For example, some of the 
cretins who make abnormal iodinated pro- 
tein would have a low butanol extractable 
iodine but a normal or high protein-bound 
iodine level. The uptake of I*** is likewise a 
balance between the amount taken into the 
gland and the amount already processed 
through the gland. Our patient has an up- 
take of 34 per cent, in the normal range of 
20 to 40 per cent. 

There is no history of ingestion of goitro- 
gens, such as may be demonstrated experi- 
mentally in animals fed turnips and certain 
fruits. It is assumed that such agents may 
act by preventing iodination of organic com- 
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pounds, as occurs with the use of propyl- 
thiouracil. Under such circumstances the I**? 
uptake would be low. 

The lack of comment on fixation of gland, 
the absence of enlargement of lymph nodes, 
and the rather soft, diffuse character of the 
gland do not suggest the presence of cancer 
but, to be certain, one would be forced to 
do a biopsy for histologic diagnosis. 

In essence, I think our problem in this 
instance resolves into a choice between 
adolescent goiter, whatever that may be, and 
thyroiditis. One would like to highlight the 
problem of thyroiditis, which often has the 
earmarks of an autoimmune disease, as de- 
fined by Dr. Klemperer. Historically, this 
concept began when Dr. Witebsky ground 
up one half of the thyroid of a rabbit, in- 
jected the material into another rabbit, or 
even back into the same animal, only to find 
specific histologic changes developing in thy- 
roid, quite comparable to those seen in thy- 
roiditis or in Hashimoto’s struma.? Other 
investigators in England then looked for anti- 
bodies in the serum of human patients with 
thyroiditis. The fact now emerges that thyro- 
globulin of the follicle does not normally 
enter the tissues and, when it does so, it is 
treated as a foreign protein. Antibody to thy- 
roglobulin is formed, leading (according to 
one present concept) to tissue damage in the 
thyroid and thus the cycle repeats itself. 

To begin the process we might assume an 
infection of the thyroid, and we recall the 
apparent relation of upper respiratory infec- 
tion to thyroid disease. Many times, in our 
cases of clinical thyroiditis, we get the story 
of a very bad sore throat, peculiar in that 
the patient’s collar became too tight and 
there was tenderness superficially in the neck. 
A fairly clear definition of such a possible 
relationship was described in Israel when an 
epidemic of thyroiditis followed an epidemic 
of mumps. Indeed, in 2 of these patients 
with thyroiditis, mumps virus was cultured 
from the thyroid gland. Strong agglutinating 
antibody titers against mumps virus were 
demonstrated in the patients with thyroditis 
in Israel, and subsequently in England. 

However, the problem is not that simple, 
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since at present there are considered to be 
three groups of antigens in thyroid tissue. 
Antibody to a microsomal fraction of thyroid 
gland seems to have stronger effects upon 
thyroid tissue than does antithyroglobulin; 
both may be implicated in disease in varying 
circumstances. Recently, an apparently dis- 
tinct material has been found in serum of 
certain patients, usually with clinical thy- 
roiditis, which is, in very small doses, rapidly 
and specifically cytotoxic to human thyroid 
gland growing in tissue culture. This sub- 
stance is nondialyzable and is heat stable, 
requires complement for activity, and has 
been found in Cohn’s fractions II and III of 
plasma protein. 

The picture becomes more complicated 
when we recognize that 60 to 70 per cent of 
adult patients with myxedema have positive 
antithyroid agglutination and _precipitin 
tests. Often the pathologists will tell us that 
the thyroid of such patients resembles a 
burned-out thyroiditis. Therefore, we cannot 
use these tests to predict active thyroiditis. 
Second, these tests are positive in about 80 
per cent of thyrotoxic patients. This raises 
all sorts of questions which cannot be an- 
swered as yet. However, malignancy does 
not in itself produce these phenomena, but 
again the positive test does not exclude the 
coexistence of thyroiditis and cancer, while 
a repeatedly negative result would be worri- 
some indeed. Usually, of course, the episode 
of thyroiditis subsides in 3 to 5 weeks but 
some have progressed to the unusual sequel 
of hypothyroidism. 

We have seen one patient who seemed to 
start out with mild thyroiditis with an acute 
but mild episode suggesting thyrotoxicosis, 
perhaps following release of excess thyroxin 
by the inflammatory process, in whom the 
ultimate progress was to that of full-blown 
persisting thyrotoxicosis. 

We may well wonder if the patient dis- 
cussed today might not some day fall into 
this pattern. After all, what really did hap- 
pen to him during that ill-defined episode 
6 to 8 months prior to admission? Might he 
not have had mild thyroiditis and thyrotoxi- 
cosis at that time? It is hard to ignore the 
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antithyroglobulin agglutination titer of 1:320 
which was found in this patient. 

Dr. C. D. Cook has just shown me a re- 
port from another hospital of the high inci- 
dence of high agglutination titers in a group 
of patients studied for adolescent goiter. We 
have recently learned that there is an ap- 
preciable incidence of elevated antithyro- 
globulin agglutination titers in the asympto- 
matic members of the families of patients 
with proved thyroiditis. 

In summary, I think the patient may have 
had thyroditis 6 to 8 months previously, and 
that at the time of operation he was euthy- 
roid. 

Dr. Smney Farser. Does anyone else 
want to offer a diagnosis? 

Dr. Davin H. Carver. The third year stu- 
dents diagnosed adolescent goiter; the fourth 
year students, thyroiditis with psychosomatic 
overlay; the junior and senior house officers 
diagnosed nontoxic diffuse goiter. 

Dr. Don Sincer. Surgical biopsies were 
taken from each lobe and from the isthmus 
of the thyroid. These biopsies all contain 
relatively large amounts of lymphoid tissue 
with active germinal centers, changes con- 
sistent with Hashimoto’s disease (Fig. 1). 
In the rest of the gland there are changes 
suggesting hyperplasia (Fig. 2) and thyroid 
hyperactivity, which raise the issue of thyro- 
toxicosis. These changes include: the con- 
troversial retraction vacuoles in the margin 
of the colloid, increase in height, and close 
packing of acinar cells with actual papillary 
budding of the epithelium into the follicles. 
These changes differ somewhat from the hy- 
pertrophy and giant cell formation of thy- 
roid epithelial cells described in Hashimoto's 
disease. 

Dr. Joun F. Cricier. Can we really tell 
whether this is hyperplasia, as distinct from 
thyroiditis? 

Dr. Gorpvon F. Vawter. I believe the 
epithelial changes are those of hyperplasia, 
and do not actually resemble the hyper- 
trophy, rather than hyperplasia described 
by Dr. Hashimoto. Noteworthy too, perhaps, 
is the lack of scarring. Plasma cells and 
eosinophils, prominent in some instances of 
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thyroiditis, were not identified. However, 
just because these areas are hyperplastic, it 
is not necessarily true that enough of the 
whole gland will be similarly involved and 
thereby give measurable functional changes. 

Dr. Cricier. I would expect to see hyper- 
plasia resulting from the same mechanisms 
which produce the hypertrophy in chronic 
thyroiditis. In other words, these areas, 
local though they may be, may reflect the 
same abnormality that induces the lymphoid 
infiltration. 

We have followed the patient since opera- 
tion. Two months afterward our tests indi- 
cated that he was still euthyroid. However, 
10 months postoperatively, the butanol ex- 
tractable iodine became elevated, suggesting 
that thyrotoxicosis was present, though his 
pulse rate did not exceed 80 and there was 
not any other cardiac manifestation of the 
hyperthyroid state. A little tremor became 
apparent. Later on, I though that the goiter 
had increased still further, and at this time 
the basal metabolic rate was elevated. Fi- 
nally, we attempted to suppress the I*** up- 
take with thyroxin as should occur in the 
normal individual or the individual with 
thyroiditis, when some of the stimulation 


Clinical pathological conference 783 


presumably comes from pituitary thyroid- 
stimulating hormone. However, the I'* 
uptake remained elevated, despite admin- 
istration of thyroxin, as will occur in thyro- 
toxicosis. We might well have used this test 
earlier to advantage in assessment of his 
condition. 

Dr. Farser. Do you feel that this sort of 
response would exclude malignancy? 

Dr. Cricer. Cancer and thyroxicosis have 
only very rarely coexisted. 

Dr. Hamotsky. I am not sure that early 
in his course one would have been able to 
demonstrate evidence of hyperfunction by 
this test. 

Dr. Cricier. It all comes down to the 
fact that we do not know the etiology of 
hyperthyroidism with its unexplained exacer- 
bations and remissions. 
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HERPES SIMPLEX is one of the most 
widespread viral infections of man; it re- 
sults in a variety of clinical entities, some of 
which have been recognized only within 
recent years. It is also one of the few viral 
agents that remain latent in human tissues, 
including nerve tissue, for a prolonged 
period. Infants born of immune mothers 
show circulating antibodies for about the 
first 6 months of life, an observation which 
may account for the rarity of herpetic infec- 
tion in infants under 6 months of age. How- 
ever, infection does occur in the newborn 
infant, producing a disseminated, often ful- 
minating systemic disease with hepatitis; in 
nearly every instance such infections are 
associated. with known herpetic infection in 
the mother. This fatal disease in the new- 
born infant can occur in the absence of 
significant skin lesions. Susceptibility is high 
in infancy and childhood after the age of 
6 months, and decreases with age. 

In general, primary infection takes the 
form of a gingivostomatitis which varies 
individually in degree and extent, followed 
by a latent infection persisting throughout 
life. The latent virus may be activated by 
various physiologic states, emotional stress, 
malnutrition, irritation or trauma, or the oc- 
currence of bacterial or other infections in 
the body. The host-parasite relationship has 
been charted in detail by Blank and Rake’ 


Latent virus infection: recurrent berpes simplex 


who state that in about 99 per cent of the 
primary exposures the infection is subclini- 
cal, and that in about | per cent primary 
exposure results in clinical disease, both 
giving rise to a carrier state (70 to 90 per 
cent of the population) with persistent anti- 
bodies. Recurrent clinical episodes in latent 
carriers complete the cycle to new suscepti- 
ble hosts. While primary infection may occur 
in the older child or later in life in the form 
of encephalitis, this type of invasion is rel- 
atively uncommon in the human subject, 
despite the widespread incidence of herpetic 
infections. In experimental animals, how- 
ever, strains of herpes simplex virus show 
marked neurotropism. In human subjects a 
number of fatal cases has been reported in 
which strains of this virus were isolated from 
tissue of the brain, showing pathologic 
changes characteristic of encephalitis and 
intranuclear inclusion bodies of the herpetic 
type. The virus has been isolated also from 
blood, spinal fluid, feces, cutaneous lesions, 
lesions of the mucous membranes, etc. 

A common recurrent form of the infection 
consists of vesicular lesions of the lips, and 
the virus is thought to be latent in the 
epithelial cells of the upper respiratory tract 
and of the mouth. The presence of antibody 
does not appear to prevent superficial re- 
currences. Recurrent herpetic lesions may 
occur also on the genitals and on the cornea, 
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both of which may be extremely painful and 
troublesome. In some patients, particularly 
those with lesions of the thigh and inguinal 
region, the lesions may be “zosteriform” in 
character following a nerve distribution and 
may be associated with regional adenopathy 
and vague deep-seated pain. Recurrent 
herpetic infection commonly affects the eye, 
producing keratitis or keratoconjunctivitis. 
Thygeson® has considered this the most im- 
portant specific form of keratitis occurring 
in the United States in recent years. On 
occasion recurrent herpes simplex infections 
have been a problem following surgical sec- 
tion of nerves performed for the relief of 
pain. Following preganglionic section of the 
trigeminal nerve performed for the relief of 
trigeminal neuralgia, herpetic eruptions fre- 
quently appear which involve the denervated 
surface area.* Repeated infection with 
herpes virus is also possible in patients with 
eczema, neurodermatitis, and other chronic 
skin irritation, resulting in disseminated 
cutaneous herpes or eczema herpeticum. 
During the past few years various studies 
in experimental animals have been under- 
taken in an attempt to understand the 
pathogenesis of latent infection with herpes 
virus and the recurrent clinical manifes- 
tations in the human subject. One of the 
earliest reports dealing with induced reac- 
tivation of herpes infection in an experi- 
mental animal was that of Good and Camp- 
bell* who found anaphylactic and histamine 
shock effective in potentiating herpetic 
encephalitis in rabbits previously inoculated 
with virus. Subsequent investigations by these 
authors concerned with induced encephalitis 
in rabbits included recovery and identifica- 
tion of the virus.* More recently Schmidt 
and Rasmussen® reported the stress activa- 
tion of latent encephalitis by chemical 
means, specifically the use of repeated intra- 
muscular injections of epinephrine. Two 
publications appearing recently in the 
Proceedings of the Society for Experimental 
Biology and Medicine are of interest. One 
of these reports is by Anderson, Margruder, 
and Kilbourne,’ and deals with a study of 
induced reactivation of herpes virus in 
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healed corneal lesions in rabbits. Reactiva- 
tion was brought about by induction and 
evocation of local hypersensitivity reactions 
of the Arthrus type. Initial infection of the 
cornea was accomplished by dropping virus 
suspension into the eye with or without 
corneal scarification. Within a period of 2 
to 4 days mucopurulent exudate, chemosis, 
and photophobia were noted. The acute 
inflammation subsided and epithelial repair 
was completed within about 14 days, leaving 
residual scarring in most instances. Exudate 
collected during the acute phase yielded 
virus by tissue culture which appeared to be 
completely identical with the original strain. 
Six to 9 weeks after corneal infection the 
animals were sensitized to horse serum and 
an Arthrus reaction was induced in the 
healed cornea. Herpes virus could be re- 
covered with regularity following such stress 
phenomena. The authors were impressed by 
the ease with which virus recovery could be 
accompilshed at widely spaced intervals and 
after long periods of quiescence. They con- 
clude that such herpes simplex infection of 
the cornea in the rabbit “closely parallels 
the syndrome of recurrent human cutaneous, 
ocular, mucous membrane herpes simplex 
infection and affords an accessible model for 
experimental study.”* 

The other publication which appears in 
the same issue is by Anderson and 
Kilbourne.’ This report concerns the im- 
munization of mice, an extremely susceptible 
host, against strains of herpes simplex virus 
in an attempt to understand the immu- 
nogenic characteristics of this “prototype of 
mammalian virus latency.” Mice were im- 
munized by ultraviolet-inactivated herpes 
virus suspensions prepared from _ rabbit 
kidney cell cultures. Immunization was 
carried out by intravenous and intraperi- 
toneal inoculation. Demonstrable levels of 
neutralizing antibody were comparatively 
high following immunization, and the mice 
so protected by antibody were able to with- 
stand subsequent challenge doses of live virus 
by intracerebral inoculation. Latency of 
herpes virus infection studied in such im- 
munized animals will be of considerable 
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practical interest. In both these reports the 
results are preliminary, and the investi- 
gations are being continued. 

Experimental studies such as these may 
lead to a better understanding of latent virus 
infections in general and might throw some 
light on the phenomenon of recrudescence 
in the human subject. 

RUSSELL J. BLATTNER, M.D. 
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New books received 


Selected books will be reviewed in subsequent 

issues. 

Cancer in Childhood and Youth. 
Sigismund Peller, M.D., F.RS.H., Bristol, Eng- 
land, 1960, John Wright & Sons, Ltd. (in 
US., Williams & Wilkins Company, Balti- 
more), 291 pages. Price $8.75. 

Chemicals in Your Food and in Farm Produce: 
Their Harmful Effects. 
Franklin Bicknell, New York, 1961, Emerson 
Books, Inc., 192 pages. Price $2.95. 

Ciba Foundation Symposium on Quinones in 
Electron Transport. 
Boston, 1961, Little, Brown, & Company, 453 
pages. Price $11.00. 

Congenital Anomalies of the Face and Associated 
Structures. 
Proceedings of an International Symposium, 
Springfield, Ill., 1961, Charles C Thomas, 
Publisher, 385 pages. Price $13.25. 

Diabetes Infantil. 
Horacio I. Burgos, Buenos Aires, 1961, Edi- 
torial Vergara, 159 pages. Price 380 pesos. 
The Electroencephalogram of the Normal Child. 
Alberto Fois, M.D., translated and edited by 
Niels L. Low, M.D., F.A.A.P., with prefaces 
by Professor Dr. Angelo Chieffi and Frederic 
A. Gibbs, M.D., Springfield, Ill., 1961, Charles 
C Thomas, Publisher, 124 pages. Price $6.75. 

Foetal and Neonatal Physiology. 
British Medical Bulletin, Volume 16, Number 
2, London, England, 1961, Medical Depart- 
ment, The British Council. Price $3.25. 

The Gustav Stern Symposium on Perspectives 
in Virology. 
Morris Pollard, editor, Volume 2, Minneapolis, 
1961, Burgess Publishing Co., 220 pages. Price 
$8.00. 

Human Psychological Development. 
Elizabeth Lee Vincent and Phyllis C. Martin, 
illustrated by William A. Osborn, New York, 
1961, The Ronald Press Co., 522 pages. Price 
$6.50. 


Manual of Pediatric Physical Diagnosis. 

Lewis A. Barness, M.D., edition 2, Chicago, 
1961, Year Book Publishers, Inc., 208 pages. 
Price $4.00. 

Mental Health in the United States; a Fifty- 
Year History. 

Nina Ridenour, Ph.D., Cambridge, 1961, 
Commonwealth Fund, Harvard University 
Press, 146 pages. Price $3.50. 

Mikromethoden fiir das klinisch-chemische und 
biochemische Laboratorium. 

Hermann Mattenheimer, Berlin, 1961, W. 
de Gruyter, 146 pages. Price 16 DM. 

Onsets, Completions, and Spans of the Osseous 
Stage of Development in Representative Bone 
Growth Centers of the Extremities. 

S. Idell Pyle, Harold C. Stuart, Joan Cornoni, 
Robert B. Reed, Lafayette, Ind., Purdue Uni- 
versity. 

Child Development Publications of the Society 
for Research in Child Development, 1961, 
126 p. $3.25. Monographs of the Society for 
Research in Child Development, Serial No. 
79, Volume 26, No. 1, Longitudinal Studies 
of Child Health and Development, Series II, 
No. 12, Harvard School of Public Health, 126 
pages. Price $3.25. 

Padopathologie; Kyematopathien, Neogonopa- 
thien; Thelamonopathien. 

Leipzig, 1961, George Thieme Verlag, 522 
pages. DM 138. 

Parental Attitudes and Child Behavior. 

John C. Glidewell, Ph.D., editor, David J. 
Pittman, Ph.D., James M. Vanderplas, Ph.D., 
Albert F. Wessen, Ph.D., George Winokur, 
M.D. With a foreword by Raymond Fledman, 
M.D. Springfield, Ill, 1961, Charles C 
Thomas, Publisher, 253 pages. Price $8.50. 

Peter and Caroline: A Child Asks About Child- 
birth and Sex. 

Translated from the Danish. With introduc- 
tory comments by Alexandra Adler, M.D., 
and W. C. W. Nixon, M.D., drawings by 
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Gerda Nystad, London, New York, 1961, Abe- 
lard-Schuman, Ltd., 34 pages. Price $2.00. 

The Premature Baby. 

V. Mary Crosse, edition 5, Boston, 1961, 
Little, Brown & Company, 266 pages. Price 
$7.00. 

Reading, Writing and Speech Problems in Chil- 

dren; a Presentation of Certain Types of Dis- 
orders in the Development of the Language 
Faculty. 
Samuel Torrey Orton, M.D., first published 
in 1937. New York, 1961, W. W. Norton & 
Company, Inc., 215 pages. Price $4.95. (Books 
that live in psychiatry. ) 

Réntgenatlas der entziindlichen Lungenerkrank- 
ungen und ihrer Differentialdiagnose im Kin- 
desalter. 

Leipzig, 1961, George Thieme Verlag, 270 
pages. DM 41.30. 
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Speech and Hearing Problems; a Guide for 
Teachers and Parents. 
Charles E. Palmer, Ph.D., with a foreword 
by John W. Kidd, Springfield, Ill., 1961, 
Charles C Thomas, Publisher, 137 pages. Price 
$5.50. 

Virus Meningo-Encephalitis. 
Wolstenholme, G. E., and Cameron, Margaret 
P., editors, Ciba Foundation Study Group 
No. 7, in honour of Professor K. Todorovic, 
with 11 illustrations, Boston, 1961, Little, 
Brown & Co. 

You and Your Doctor; the Common-Sense Guide 
to Medical Care. 
New York, 1961, Duell, Sloan, & Pearce, 
Inc., 288 pages. Price $3.00. 
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To the Editor: 

The recent paper entitled “Craniosynostosis in- 
volving the sagittal suture only: Guilt by associa- 
tion?” by Hemple, Harris, Svien, and Holman 
(J. Pepiar. 58: 342, 1961) raises certain ques- 
tions regarding the advisability of surgical ther- 
apy in premature closure of the sagittal suture. 
Our opinion on this matter has been sought and 
is, therefore, stated here briefly. This opinion is 
based on 394 operations for craniosynostosis 
which have been performed at the Children’s 
Hospital Medical Center in Boston, 207 of which 
were for isolated sagittal synostosis. 

There are 2 reasons for carrying out operative 
treatment of craniosynostosis; first, a cosmetic 
deformity can be lessened or completely alle- 
viated, and, second, impairment of function 
which may result from constriction or distortion 
of the growing brain can be minimized. The 
extent of neurological deficit varies with the 
number of sutures involved. At the 2 extremes, 
prognosis is reasonably clear. In a child with 
synostosis of all the major cranial sutures (sagit- 
tal, coronals, lambdoids, and squamosals), the 
restricting effect on the growth of the brain is 
maximal, and increased intracranial pressure is 
present at birth. On the other hand, it is highly 
questionable whether synostosis of one lambdoid 
suture alone, for example, can distort the brain 
sufficiently to produce any general or focal ab- 
normality of the central nervous system. 

In this clinic, papilledema has never been seen 
in any patient with untreated synostosis of the 
sagittal suture alone nor can any change in in- 
telligence which unquestionably resulted from 
surgical correction of sagittal synostosis be docu- 
mented. This is, in part, due to the fact that 
operations in general have been performed with- 
in the first few weeks or months of life when 
preoperative intelligence quotients cannot be esti- 
mated. There have been many statements from 


Sagittal synostosis: indications for operation 


parents of improvement in behavior and of ac- 
celeration in the learning of motor and mental 
skills following treatment in the age group be- 
tween | and 4 years, but such clinical impressions 
also are difficult to confirm. There is no doubt 
that multiple suture closure has been accom- 
panied by chronically increased intracranial pres- 
sure and by marked retardation as well as by 
visual, auditory, and other defects. It has alwaysa 
seemed reasonable to us that the best way to 
avoid the possibility of lesser degrees of intellec- 
tual impairment which might ensue from a 
lesser extent of craniosynostosis would be to carry 
out surgical correction as early in life as possible. 

The cosmetic deformity caused by sagitial 
synostosis may be striking, even shortly after 
birth. Untreated, it ordinarily increases in severity 
until the period of rapid brain growth ceases. 
There is absolutely no question that this cosmetic 
deformity can be greatly improved by appropriate 
operation. The degree of improvement varies 
with the age of the patient at the time of initial 
operation, the adequacy of operation, and the 
maintenance of patency of the craniectomies 
throughout the period of active brain growth. 
This improvement has been documented re- 
peatedly with photographs and with roentgeno- 
grams, on which the increase in width of the 
original craniectomies can be measured. 

Adequate correction of sagittal synostosis re- 
quires that the parietal bones be separated from 
one another completely and that this separation 
be maintained until the child is at least 3 years 
old. Surgical failures occur when the craniectomy 
is not carried well across the coronal and 
lambdoid sutures or when new bone bridges 
and fuses the craniectomy before 3 to 4 years 
of age. 

The morbidity and mortality rates are low 
enough to justify surgical correction of sagittal 
synostosis in early life for cosmetic reasons alone. 
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There have been 2 deaths in our entire series of 
394 patients. One of these was due to a hereditary 
coagulation defect unsuspected until the time of 
operation, the other due to cardiac arrest. Mor- 
bidity has been negligible. 

Our current policy is to explain the mechan- 
ics of this developmental problem to parents and 
to recommend without qualification during the 
first few months of life that surgical correction of 
sagittal, as well as all forms of craniosynostosis, 


Reply 
To the Editor: 

It is apparent from the comments of Drs. 
Shillito and Matson that they are in agreement 
with our opinion that patients with isolated syn- 
ostosis of the sagittal suture do not develop 
papilledema, and that they did not document 
any change in intelligence that unquestionably 
resulted from surgical correction of sagittal syn- 
ostosis. 

We are glad to have them state definitely that 
their policy is to recommend craniectomy for 
cosmetic reasons alone. Their qualifying state- 
ment in regard to “optimum development and 
function” brings to mind the words from our 
paper: “In the uncertainty as to whether surgi- 
cal treatment is indicated for the reasons of pre- 
venting increased intracranial pressure and allow- 
ing normal growth of the brain, many have pro- 
claimed craniectomy desirable for the cosmetic 
effect.” 

On the basis of the extensive experience of 
Drs. Shillito and Matson in this problem and 
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be performed for cosmetic reasons alone. Parents 
are then also advised that although mental re- 
tardation due to sagittal synostosis alone has 
not been documented, we feel it probable that 
optimum development and function of the brain 
is permitted by providing it the chance to assume 
its natural shape and rate of expansion as soon 
as possible. 

JOHN SHILLITO, JR., M.D. 

DONALD D. MATSON, M.D. 


their statements of their indications for craniec- 
tomy in the child with isolated synostosis of the 
sagittal suture, the pediatrician, neurosurgeon, 
and parent should be able to choose surgical 
treatment on the basis of cosmetic effect alone. 
It has been unfortunate that in the absence of 
documented evidence parents have been advised 
that without surgical treatment developmental 
retardation would ensue. 

The mortality rate cited is indeed low. It is 
not stated whether the 2 deaths were in infants 
with isolated closure of the sagittal suture or in 
the remainder of the group containing those with 
more severe forms of craniosynostosis. The ques- 
tion whether even this low mortality rate can be 
accepted for cosmetic surgical treatment becomes 
somewhat philosophic. It would be of assistance 
to those suggesting operation if the other centers 
would report their morbidity and mortality rates 
in this type of case. 

Lioyp E. Harris, M.D. 
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Nens and notes* 
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The Nineteenth annual meeting of the Ameri- 
can Psychosomatic Society will be held at the 
Sheraton Hotel in Rochester, New York, March 
30 to April 1, 1962. Abstracts of original work 
to be presented at the meeting by members or 
nonmembers of the Society, are welcomed; they 
should be not longer than 2 typewritten pages 
and should be submitted in 11 copies, before 
Dec. 1, 1961, to the Chairman, Stewart Wolf, 
M.D., 265 Nassau Road, Roosevelt, New York. 
The Review Committee consists of the following: 
Eugene L. Bliss, M.D., Hilde Bruch, M.D., 
W. Horsley Gantt, M.D., David T. Graham, 
M.D., David A. Hamburg, M.D., Lawrence S. 
Kubie, M.D., John W. Mason, M.D., Dane G. 
Prugh, M.D., and Seymour Reichlin, M.D. 


Tulane University School of Medicine an- 
nounces a subspecialty course for pediatricians 
on Immunology and Allergy in Pediatrics to be 
held from Feb. 12 to 16, 1962. Comprehensive 
instruction in the fundamentals of immunology 
will be offered. Guest speakers will be Dr. Victor 
Vaughan of the University of Georgia, and Dr. 
Harry Mueller, of Harvard. 


On April i4, 1961, the Cincinnati Pediatric 
Society honored Dr. Robert A. Lyon by present- 
ing him with a “Distinguished Service Award” 
which consisted of a hand-lettered certificate 
prepared by the Medical Arts Department of 
the College of Medicine and bearing the follow- 
ing inscription: 


DISTINGUISHED SERVICE AWARD 


In grateful appreciation for the many years of 
devotion to the children of this community, the 
Cincinnati Pediatric Society hereby honors 


ROBERT A. LYON 
for his outstanding service as teacher, counselor 
*Notices of meetings must be in the hands of the Editor 


3 months in advance of the date in order to appear in 
the Journat in time. 


and friend to his students, investigator, pedia- 
trician and civic minded citizen. 
Among his many achievements are the following: 


Professor of Pediatrics, College of Medicine, 
University of Cincinnati 


Asst. Director of Pediatrics, Cincinnati General 
Hospital 


Assoc. Chief of Staff, Children’s Hospital 


Asst. Medical Director, Babies’ Milk Fund As- 
sociation 


President, Cincinnati Pediatric Society 


President, Medical and Dental Staff of the Chil- 
dren’s Hospital 


Founder: Children’s Heart Association and Chil- 
dren’s Cardiac Clinics, Cincinnati 
General Hospital and Children’s 
Hospital 

Children’s Dental Care Foundation 

Child Health Association 

Obstetrical Foundation 

State Children’s Cardiac Diagnostic 
Clinics 

Adolescent Clinic Cincinnati General 
Hospital 

Pediatric Care for the Newborn at 
General Hospital, Cincinnati 


Inspiration for Improvement in the County 
School Health Program and the County Well 
Baby Clinics. 


This document is presented to him on this 
eleventh day of April, nineteen hundred and 
sixty one as evidence of the esteem in which he 
is held by his friends, colleagues and members 
of the Cincinnati Pediatric Society. 
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EDITOR’S 
COLUMN 


The relationship between pediatrics and preventive medicine 


EARLY in his career, Dr. Edwin H. 
Schorer* realized that if preventive measures 
are properly performed in the antenatal, 
natal, and postnatal periods, most of the 
worst pediatric diseases could be reduced to 
a minimum, and the pediatrician or family 
physician could concentrate his efforts on 
maintaining child health rather than on 
diagnosis and treatment. 


THE EVOLUTION OF 
PREVENTIVE PEDIATRICS 


As a result of this emphasis on preventive 
medicine in pediatrics, more progress has 
been made in the care of children during the 
half century since Dr. Schorer entered pedi- 


The Edwin Henry Schorer Lecture, given at 
Kansas C ity Southwest Pediatric Society, 
Kansas City, Missouri, Sept. 27, 1960. 


*The career of Dr. Edwin Henry Schorer—Teddy to 
his many friends—illustrates the increasing closeness 

of pediatrics and preventive medicine. Dr. Schorer has 
been and is a leader in this field of preventive 
pediatrics, and Kansas City and the country are 
fortunate to have him. Dr. Schorer was born in 
Plymouth, Wisconsin, on Dec. 13, 1881, He _ received 
a B.S. degree from the University of Wisconsin in 1902, 
and an M.D. from the Hopkins University in 1906. His 
pediatric training, a rarity in those days, was obtained 
from J. H. Mason Knox at the Thomas Wilson 
Sanatorium, and as a resident at the old Boston 
Floating Hospital. After serving as an assistant in 
bacteriology at the Rockefeller Institute, he taught 
bacteriology, pathology, and pardsitology at the 
Universities of Missouri and Kansas. In 1912 he was 
graduated from Harvard in the first class to receive a 
degree in Public Health. During the first World War 
he served as Director of the Division of Laboratories 
and Communicable Diseases at the eastern ports of 
embarkation, with the rank of Lieutenant Colonel. 
Since 1919, he has been in the private practice o 
pediatrics in Kansas City, and from 1935 to 1 he 
was Director of Health for Kansas City. I admire him 
not only for the qualifications and services just 
enumerated, but also because he is a lover of children 
and last, but not least, a devoted admirer of Osler. 
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atrics and preventive medicine than in the 
2,333 years since the death of Hippocrates. 
Until 1900, only breast-fed children of 
healthy stock in a good environment had 
much chance of survival. Just 2 diseases, 
smallpox and scurvy, were preventable. 
Specific drugs were available for only 3 
conditions: malaria, which was usually cured 
by quinine; which succumbed to 
many remedies, including garlic; and scabies, 
which was relieved by sulfur. In 1906 there 
were less than 100 pediatricians throughout 
the world; now there are more than 6,000 in 
this country alone. Pediatrics was not taught 
in any medical school, except for occasional 
references to it by obstetricians and intern- 
ists. 

From 1900 to the beginning of the first 
World War, pediatrics was largely concerned 
with infant feeding and the knowledge 
of nutrition progressed rapidly. Although 
Shakespeare’s physician son-in-law, John 
Hall, used tamarind (of the bean family) in 
the treatment of scurvy’ and oranges were 
brought to this hemisphere from Spain by 
Christopher Columbus, it was not until 1906 
—the year Dr. Schorer was graduated from 
medical school—that the concept of vitamins 
was introduced by Sir Frederick Gowland 
Hopkins and Casimir Funk.* Nowadays pel- 
lagra, rickets, and scurvy are curiosities. The 
compulsory tuberculin testing of cattle and 
pasteurization of milk, the United States 
Public Health Service Milk Ordinance, and 
especially the simplification of infant feeding 
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through the use of evaporated milk have 
now made it possible for artificially fed in- 
fants to thrive satisfactorily. 

When Dr. Schorer started in practice, 
pediatricians were consultants and usually 
saw only those children referred to them by 
family doctors; they rarely provided routine 
child care, as does the practicing pediatri- 
cian in America today. It was not until after 
the first World War that child care and 
disease prevention became increasingly im- 
portant in medical practice, and pediatricians 
became general practitioners for children. 
Routine immunizations reduced the _inci- 
dence of diphtheria, pertussis, smallpox, tet- 
anus, typhoid, and paratyphoid, as well as 
the rarer diseases of the tropics such as 
cholera, plague, typhus, and yellow fever. 
Clean milk, window screens, and DDT con- 
trolled diarrhea and dysentery. Health laws 
have made congenital syphilis a rarity. Ma- 
laria has ceased to be a problem except in 
Asia and Africa. The value of the Salk, 
Sabin, Cox, and Koprowsky poliomyelitis 
vaccines has been established, and the results 
of immunization against measles, mumps, 
and influenza are promising.* 


THE NEED FOR CONTINUED 
PROGRESS 


In spite of this growing union between 
pediatrics and preventive medicine, there 
are still fertile areas for more progress as, 
for example, in the prevention of tubercu- 
losis. While tuberculin tests, chest roent- 
genograms, case-finding programs, sanato- 
rium care, isoniazid and other drugs have 
reduced the death rate from tuberculosis 
after it has been acquired, the annual num- 
ber of new tuberculous infections has been 
only slightly reduced in the past 30 years. 
A new case occurs every 6 seconds in this 
country. Something more is needed to bring 
results comparable to those achieved in the 
control of diphtheria, smallpox, and typhoid; 
that something is BCG* vaccination. Mem- 


*Bacille Calmette Guérin vaccine is made from an at- 
tenuated bovine strain of Mycobacterium tuberculosis, and is 
obtainable from the Research Foundation, 70 West Hubbard 
Street, Chicago 10, Ill. 


Editor’s column 793 


bers of the American medical profession 
(like some of their British and Scandinavian 
colleagues) should use BCG vaccine, espe- 
cially for newborn infants, hospital person- 
nel, and students of medicine and nursing. 

Like any preventive or therapeutic mea- 
sure, BCG carries a “calculated risk.” The 
deaths of one adult, one 7-year-old child, 
and 3 infants have been attributed to BCG, 
and in the Liibeck disaster in 1930 there 
were 72 deaths among the 251 infants who 
were mistakenly given a vaccine made from 
virulent tubercle bacilli instead of the at- 
tenuated BCG vaccine. Lupus and lupomas 
are rare temporary complications of BCG 
vaccination. Since 1946, on the other hand, 
more than 270 million children and adults 
have been safely vaccinated with BCG. 
Furthermore, tuberculous meningitis, at pres- 
ent the greatest problem in tuberculosis, has 
been reported in only 2 infants who have 
been vaccinated with BCG. The fact that 
almost all cases of tuberculous meningitis 
occur before the age of 4 years emphasizes 
the need for the administration of BCG to 
newborn infants. Amazingly, however, many 
pediatricians and general practitioners are 
not even giving routine tuberculin tests to 
infants and children, on the ground that a 
positive reaction alarms the mother. Quite 
the reverse, a negative test should be even 
more alarming and should call for the pro- 
tection of BCG.* 


THE CONTRIBUTION OF 
PEDIATRICIANS TO PREVENTIVE 
MEDICINE IN THE ARMED 
SERVICES 


The relationship between pediatrics and 
preventive medicine is best illustrated by the 
contribution of pediatrics to the health of 
the Armed Services. During both World Wars 
communicable diseases, including those which 
are primarily pediatric conditions, were re- 
sponsible for more days lost, more hospital 
admissions, and more deaths than were war 
injuries. In World War II, as soon as a 
recruit was inducted into the Armed Serv- 
ices, he was subjected to such screening 
measures as Schick, tuberculin, and Wasser- 
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mann tests, a chest x-ray, and to such pro- 
tective measures as vaccinations against 
smallpox, typhoid and paratyphoid fever, 
and tetanus. 

Pediatricians serving as medical officers 
with troops, as well as those in civilian prac- 
tice, must concern themselves with the re- 
duction of communicable diseases among 
adults as well as children. In peace time, 
pediatric officers of the Army, Navy, and Air 
Force are among the busiest in the medical 
corps, providing care for the children of 
dependents, operating dispensaries, enforcing 
the immunization program, and persuading 
commanding officers of military hospitals to 
abandon nurseries for the newborn and to 
use the “rooming-in plan” in order to elim- 
inate infections with Staphylococci and other 
organisms among the infants. The American 
Academy of Pediatrics has established a 
Section on Military Pediatrics, and this spe- 
cialty should be recognized by the Armed 
Services as being equal in importance to 
surgery and medicine.® 


CHANGING CONCEPTS OF 
PEDIATRIC TEACHING 


Most of us who are teaching pediatrics to 
students and house officers realize that in- 


stead of emphasizing the diagnosis and treat- 
ment of the 346 pediatric diseases, we should 
stress their prevention. The present reduc- 
tion in mortality has been due largely to 
efforts to prevent pediatric diseases. If we 
can train-our graduates to carry out immu- 
nization measures and to feed children sim- 
ply and sensibly, it should be possible, with 
the cooperation of health departments and 
the public, to reduce child mortality even 
further. Even now, a quarter of a million 
American children die each year. Three 
fourths of these deaths can and should be 
prevented. The public is becoming increas- 
ingly aware of the value df child care and 
preventive medicine, but still needs prodding 
as, for example, in obtaining immunization 
against poliomyelitis. 

Even more important, pediatric teachers 
must make prevention, which at first glance 
seems dull and routine, an interesting sub- 
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ject. At Duke University we have tried to 
develop in our students a desire to keep 
children well, rather than a great zest for 
diagnosing rare diseases. Pediatric depart- 
ments must devote a greater amount of time 
and effort to teaching future general prac- 
titioners and pediatricians more about well 
children through the examination of school 
children, child guidance conferences, feeding 
clinics, and seminars on nutrition presented 
in cooperation with the dietetic department. 
There is an old Chinese proverb that says, 
“He who cures a disease may be the most 
skillful, but he who prevents it is the safest 
physician.”* 

When Duke Hospital was opened in 1930, 
diphtheria was responsible for 7 per cent of 
the pediatric admissions, syphilis for 6 per 
cent, and gonorrheal ophthalmia for 2 per 
cent. For the past 5 years, none of these 
diseases has been seen. In fact, since diph- 
theria immunization was made compulsory 
and after Dr. Thomas Parran started to 
eradicate syphilis by compulsory premarital 
and antenatal serologic tests and rapid treat- 
ment centers, diphtheria and congenital syph- 
ilis have been illegal. 


INCREASING IMPORTANCE OF 
OUTPATIENT CARE AND 
TEACHING 


As preventive measures become more 
widespread, fewer pediatric hospital beds 
will be needed, but pediatric outpatient 
clinics will require more space, a larger 
percentage of the pediatric teaching hours, 
and better instruction. Our belief, which is 
contrary to the usual concept, is that out- 
patient teaching is more valuable than bed- 
side teaching on the wards. Keeping children 
out of hospitals and treating them in a phy- 
sician’s office or an outpatient clinic not only 
affords great psychological benefits to the 
mother and child, but also results in enor- 


*Edward H. Hume, who was at Hopkins while Dr. 
Schorer was a student, quoted this proverb differently in 
his book, Doctors East, Doctors West: ‘“‘The superior doctor 
prevents sickness; The mediocre doctor attends impending 
sickness; The inferior doctor treats actual sickness.” 
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mous financial savings, regardless of whether 
the hospital bills would be paid by the child’s 
parents, Blue Cross, the taxpayers, or uni- 
versity endowments. If more visiting nurses 
were available for home care, an even larger 
percentage of pediatric patients could be 
treated in the office or outpatient clinic, and 
the number of pediatric hospital beds could 
be reduced even further. 

Home care and delay are still dangerous 
for children with stiff necks, “acute abdo- 
mens,” and respiratory obstructions (espe- 
cially if the child is under 2 years of age), 
and for the increasing tide of poisoning and 
other accidents, the greatest killers of all. 
Hospital care will always be needed for 
newborn and premature infants, for the 
children of working mothers, and for those 
suffering from conditions which can be cured 
only by operation. Other conditions which 
often necessitate hospitalization for children 
are cancer (including leukemia), which now 
ranks second among the fatal diseases of 
childhood, congenital heart disease, and 
rheumatic fever (which kills so many chil- 
dren between the ages of 5 and 14 years). 
Practically every other condition seen in 
pediatric practice can be, and should be, 
treated in a physician’s office or an outpa- 
tient clinic.® 


THE MAINTENANCE OF 
PHYSICAL AND EMOTIONAL 
HEALTH IN CHILDHOOD 


As family physicians and pediatricians 
become less and less occupied with physical 
disease, they are or should be more and 
more concerned with growth and physical 
development, with school and social activi- 
ties, and with counseling on heredity and 
child behavior. Parents and physicians are 
becoming increasingly aware that the child’s 
total development, adjustment, behavior, and 
his or her psychological problems from birth 
through adolescence are of paramount im- 
portance in the reduction of juvenile delin- 
quency. More attention is also being focused 
on the rehabilitation and re-education of 
children with chronic conditions such as 
cardiac and orthopedic defects, cerebral 
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palsy, and metabolic and allergic disorders. 
The child is regarded no longer merely as 
the site of a disease, but as a human being 
with family and environmental problems. On 
routine visits to their family doctors or 
pediatricians or to child welfare and out- 
patient clinics, the children and their mothers 
receive, in addition to preventive measures 
and health counseling, advice on many every- 
day problems, especially on accident pre- 
vention. In other words, continuing and 
comprehensive medical care is now. available 
to children as it soon will be for adults.” 

As a result of the increasing interest in 
child-family relationships, the pediatricians 
and psychiatrists have persuaded many ob- 
stetricians and nurses that “rooming-in” ar- 
rangements, allowing the newborn infant to 
be kept in constant contact with his mother 
from the morning after delivery, are prefer- 
able to the usual hospital nursery, in which 
behavior problems and serious infections may 
develop.* Physicians are also recognizing the 
value of closer child-family relationships 
when an older child must be hospitalized, 
and in many hospitals the parents are no 
longer limited to visiting hours, but are en- 
couraged to stay with the patient day and 
night in order to reduce the child’s psycho- 
logical reaction to the strange environment 
of a hospital. By sharing the nursing load, 
parents are increasing their knowledge of 
child care and are helping to alleviate the 
increasing shortage of nurses. In many hos- 
pitals, this latter consideration has converted 
the nursing and administrative staffs to the 
desirability of having parents on the pedi- 
atric wards. 

In the field of preventive psychiatry and 
psychosomatic medicine, social workers, 
nurses, teachers, pediatricians, psychologists, 
psychiatrists, and physicians must work to- 
gether, and the ideal place is in an outpa- 
tient clinic or a physician’s office. Both in 
private practice and in hospital outpatient 
clinics, the maintenance of child health has 
now become the major aim of pediatrics, 
more important than the diagnosis and treat- 
ment of disease. It is a portent of the future 
that the late Sir James Spence was made 
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Professor of Child Life at Newcastle rather 
than a Professor of Pediatrics.® 


CONCLUSION 


As a result of the closer relationship be- 
tween pediatrics and preventive medicine, 
more progress has been made in child care 
during the past generation than during the 
preceding 2,000 years. Although child health 
seems to have reached a golden age, there is 
still room for progress. The aim of pediat- 
rics must be not only to maintain and im- 
prove the physical health of children, but, 
even more important, to find and use better 
methods for preserving their mental and 
emotional well-being. At the present rate, 
1 of every 12 American children will spend 
some part of his or her life in a psychiatric 
institution.”° 

Except for their reluctance to use BCG, 
the members of all branches of the medical 
profession have cooperated with these pedi- 
atric efforts in preventive medicine. The ac- 
cusation made by Lady Mary Wortley Mon- 
tagu against our predecessors in 1717 is as 
unjust today as it was then: 


I am patriot enough to take pains to bring 
this useful invention [smallpox inoculation] into 
fashion in England, and I should not fail to write 
to some of our doctors very particularly about 
it, if I knew any one of them that I thought had 
virtue enough to destroy such a considerable 
branch of their revenue, for the good of mankind. 
But that distemper [smallpox] is too beneficial 
to them,: not to expose to all their resentment, 
the hardy weight that should undertake to put an 
end to it. Perhaps, if I live to return, I may, 
however, have courage to war with them. Upon 
this occasion, admire the heroism in the heart of 

Your friend, 
Mary Wortley Montagu."! 


W. C. DAVISON, M.D. 
DUKE UNIVERSITY MEDICAL CENTER 


. Quotation From a Letter of the Right Hon- 
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